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Abstract
Markets with petroleum products as primary inputs face unique price pressures. I
provide a thorough analysis of U.S. wheat prices to investigate connections between
international petroleum markets and commodity prices in the US. This research is critical
for farmers, policymakers, and scholars interested in the relationship between crude oil
inputs and commodity outputs. The research thus offers novel information for a large
proportion of US territory under agricultural cultivation. Moreover, this research has
implications for agricultural production and policy formulation around the world. The
results of the investigation demonstrate support for high short-term volatility in wheat
prices based on oil price shifts, but much less long run volatility than is commonly assumed
in scholarship and practice. The price of diesel presents a continuous, co-integrated, and
causal price pressure on the price of US wheat. However, the First Contract Purchase Price
(FPP), and the refinery crude oil import acquisition cost do not have statistically significant
relationships with the price of diesel, and therefore do not have a price pressure impact on
the price of US wheat in the markets. Pragmatically, the crude oil streams being used to
meet regional diesel demand will have an influence. This suggests that the price pressures
affecting price levels are different from the pragmatic impacts of crude oil costs at the
pump.
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Introduction
Common economic folklore states that when crude oil prices rise, every price
increases with it. I investigate the relationship between crude oil and wheat prices in the
United States, as well as the relationships, which connect the two distant but interrelated
commodities. The research into the inter-connections between crude oil and wheat allow
for the examination of the relationships, which potentially transfer prices, and volatility.
The understanding of commodity price variation in the US is important for farmers,
policy makers, and scholars. First, understanding the correct price levels and their
influences, allows farmers to more accurately identify expected prices, which can influence
their decision making in price setting, and price taking. Second, the ability to understand
the price pressure components, which link crude oil, and wheat, allows the policy maker to
understand how price pressures and price transference differ. Allowing the policy maker
to have a more informed understanding of price transfer from energy to output
commodities. Third, understanding the differences between the co-movement of prices and
the transfer of price level volatility, allows for the exploration of differences between two
different economic activities. A price pressure can be from a competitive substitute, or
price increases in which a group of goods is generally responding to profit opportunities,
or market conditions, while the price transference I investigate should occur in directly
related goods. My research investigates the potential of a structured and connected price
transfer mechanism, which is activated by economic activity, and price level volatility.
The US wheat market is just one commodity market in one country, but it is
exceptionally important in setting international wheat prices (Booth, and Brockman, 1998).
Regmi (2001) helps qualify the impact of US wheat price fluctuations on global food costs;
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she reports low-income countries spend 47% percent of their budget share on food, while
richer countries spend 13% of their budget share on food (pg. 15). Low-income country’s
food budget expenditures represent less than 15% of the average wealthy-country food
budget and therefore show, how less affluent countries’ spending can easily be impacted
by US wheat prices (Regmi, pg. 15). Explaining the variation in U.S. food prices is
therefore of great importance for the well-being of billions of people around the world.
Volatile fuel prices also present challenges for countries around the world.
Increased energy price volatility did not recede after the 1970’s, at which point the costs of
crude oil, and agricultural products remained volatile (Regnier, 2007). Oil prices remained
more volatile than 95% of other global commodities, which makes planning and budgeting
for fuel and food consumption difficult (Regnier, 2007). The volatility of oil markets thus
influences consumers regardless of their level of income.
Agricultural production challenges have surfaced in countries worldwide. Long run
trends challenging commodity stock levels and low agricultural production levels have also
increased price level volatility (Trostle, 2008). Production has dropped since 1990.
Forecasts for US and world grain production present a 1.2% decrease per year, from 2009
to 2017 (Trostle, 2008). Such decreases will likely place increased pressures on wheatimporting countries around the world, which are already facing declining commodity
stocks. Making the issue worse is the correlation of energy costs to food costs. My research
investigates the potential of a price transfer mechanism, which is expected to continuously
facilitate not just price transfer, but the transfer of volatility contained in new primary
commodity price levels. Thereby making energy costs a continuous contributor to
commodity output prices, and food price cycles.
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I investigate potential price transference between energy, and the price of US wheat
to clarify relationships, and describe price linkages between the international crude oil
market, the US crude oil market, US diesel prices, and US wheat prices. I test hypotheses
and estimate relationships between these variables through linear co-integration, linear
Granger causality testing, and error correction models of the impactful relationships. The
results of these analyses identify the path connecting crude oil prices, to diesel prices, to
wheat prices and reveal a price transference mechanism. In so doing, I provide an updated,
rigorous explanation of energy contributions to wheat prices with clear implications for
public policy and private sector choices.
The remainder of the thesis proceeds as follows. I review literature presented in
thematic sections. Discussing the findings of price pressures, and the volatility of
relationships between crude oil and agricultural commodities. Then I review the influences
on the US wheat market including the composition of price spikes, factors affecting food
prices, and historical commodity trends impacts on my research. Lastly, I review the
impacts of crude oil, the roles in which research has found crude oil‘s impact in the
economy, and the international crude oil market’s evolution to a free market. A review of
the international crude oil market, and refining industry challenges are presented only in
appendix figures 28 to 30, due to research presented in the literature review, which clarifies
demand drivers, and price spikes.
The analytical results and analysis section of the thesis presents the logic and
findings of the statistical methods used. The exploration of potential foundational
relationships through an elasticity study of expected causal variables effects on the
commodities of interest are presented. In which, economic expansion is the expected driver
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of demand, and price levels. Three periods of interest are used for comparison of the
relationships being reviewed. The results of this study present findings, which set the
criteria for an expanded investigation that includes increased variable selection and the
inclusion of Granger co-integration, and Granger causality testing.
The expanded study further documents the characteristics of potential price
transfer, and potential price co-movement structures. This section of the analysis adds
clarification to the identification of variables of influence. After clarification of the
influential variables, the investigation expands into a study of price series components price
pressure relationships with the price of US wheat, and the consumption of US wheat.
The analysis then moves into exploration of other wheat price, and wheat
consumption influences to identify continuous relationships through co-integration testing,
and price leadership characteristics identified with Granger causality regressions. The
results of the respective elasticities allow the determination of which relationships may
have a significant impact in this research, with the significant findings identifying variables
for decomposition and analysis of the components of the price series.
Next, the analysis at the component level of the price series allows for the
relationships of price trends, and price cycles of the price series to be identified, and further
researched. The price trend and cyclical components characteristics are then examined for
statistical association among suspected price pressures. Due to the similarities found in the
characteristics of the price series, price trends and cyclical components, an investigation
into the possibility of cross-market co-variance in the variance of price levels is the
presented.
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The analysis of variance across crude oil markets, and across diesel markets using
daily data to generate monthly variance series, presents findings on co-variance across
markets. The analysis presents market structures, and an explanation of findings. The next
step in the thesis was to finalize the investigations at the variable level, and the component
level in an error-correction regression investigation into the potential price pressures found
in my research. The addition of the error-correction regressions allows the elasticity
research to be extended into an error correction format. This addition to the research allows
me to separate the long run equilibrium and the short run impacts in an effort to clarify the
real price pressure linkages at the variable level, and component level of analysis. The
clarification of real relationships allows for the formulation of final statistical testing.
The last expansion of research into a price transfer mechanism and volatility
transfer is extended in an exploration of the cost of diesel per gallon. The two price
components of the price of a gallon of diesel are the cost of crude oil per gallon of diesel
and the cost of refining per gallon of diesel. The results present potential relationships from
new preliminary data presented by the Energy Information Administration (EIA). The data
presents implications for the price pressure ties to the price of US wheat.
In the results section of the thesis, I present a clear analytical path, which presents
the price transfer mechanism, its response to demand, and its impact on prices. The
presentation of final statistical research includes the composition of the price structures,
and the relationships influencing demand. The ties to price pressures from economic
expansion are further described as the ties of the price transfer mechanism to market
structure are defined. Furthermore, non-significant relationships and the impacts of the
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significant relationships at the variable and the price series component levels are
interpreted.
A discussion follows presenting a comparison of my findings to the literature
review. The discussion is presented in the same thematic sections found in the literature
review. The thesis concludes with additional reflections on the potential expansion of
research on this topic, and reflection on the main findings.

Crude Oil and Agricultural Commodities: Co-movement, Volatility Spillover, and
Financialization
Previous scholarship on the connections between crude oil and food prices
emphasizes co-movements in price levels. Co-movements of price levels are presented as
traceable to changes in expected or future values of macroeconomic variables (Pindyck,
and Rotemberg 1990). If this perspective is correct, the traceability of co-moving
commodities is already in place for investigations into co-movement of commodities,
allowing for the expectation of economic expansion having a causal influence on demand,
and therefore prices.
The financialization of commodities prior to the Great Recession had grown from
$200 billion in 2004 to $250 billion in 2008. However the evidence Irwin and Sanders
presented, found there was insufficient evidence to reject the null hypothesis, that there
was no speculative impact in the wheat futures market (2011a). In a second study in the
same year, Sanders and Irwin (2011b) presented evidence there was no wheat bubble found
by other researchers in the US wheat market. However, there was a crude oil bubble found
by other researchers presenting a potentially firm wheat price, with a compromised crude
oil market during the period just prior to the Great Recession. During the period prior to
14

the Great Recession, commodity index trading had increased, though no evidence of price
inflation due to commodity index traders was found. This finding corroborates the
researcher’s first report, establishing a firm expectation of a non-inflated wheat price driven
by demand.
Granger causality, and Panel-Wald causality evidence between crude oil and
agricultural commodities, was found by Nazlioglu (2011) and Gozgor, and Kablamaci
(2014). The findings of Nazlioglu present evidence of non-linear Granger causality,
providing evidence of agricultural commodities experiencing price level surges from crude
oil. The evidence Gozgor, and Kablamaci provided shows causal relationships from a weak
dollar, and crude oil having positive price pressure influences on almost all agricultural
commodities.
Gozgor, and Kablamaci also presented the presence of a common process in 20 of
27 commodities reviewed having been impacted by the perception of global risk affecting
price pressures. This finding further clarifies that within the causal relationships impacted
by economic expansion, generalized global risk was identified as a common process that
could influence co-integration testing. These findings also support the expectation that
Granger causality methods should present positive results in this research.
Nazlioglu, Erdem, & Soytas (Nazlioglu et al.), found volatility spillover from crude
oil prices to wheat prices during their study period of 1986-2016 (pg. 6). The authors report
that crude oil price shocks increase the volatility of wheat prices for two weeks, and last
about one month (Nazlioglu et al., pg. 7). The findings present the expectation that
volatility spillover from crude oil to wheat will enhance the potential for price comovement. This finding supports the expectation that the monthly measure used in this
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research will filter out volatility spillover from crude oil, in which the duration is less than
one month.
Further setting the expectations of this research is De Nicola, De Pace, &
Hernandez (2016), who found that agricultural returns are highly correlated to energy costs.
Specifically, stock market volatility was positively correlated to stock market returns
across all markets. Presenting evidence of uncertainty, or risk, being positively correlated
to the commodity returns was found in 2007. These findings support the common process
of risk found by Gozgor, and Kablamaci (2014).
The research presented in this section of the literature review presents co-movement
of commodities being traceable to the values of macroeconomic variables. If the
macroeconomic variables are affected by price bubbles or speculation, the variables could
present enhanced evidence of the price co-movement mechanism. The findings of Sanders
and Irwin present the expectations that the wheat markets did not have inflated prices due
to speculation, and that price bubbles did not occur between 2004 and 2008 in the US wheat
market. Allowing for the expectation of a sound wheat price series. However, the crude oil
market was found to have had a price bubble at the peak of the crude oil price spike. This
information set the expectation, that if there is a mechanism in place that can transfer prices
to US wheat from crude oil, the bubble period of the crude oil market will have had an
opportunity to influence the US wheat price.
The evidence of price surges from crude oil to wheat sets the expectation that there
can be a mechanism facilitating the price transfer. Leaving the question: Is there a price
transfer mechanism, or does this happen through variable level price pressures? The price
transfer mechanism should be capable of introducing volatility into the US wheat price. In
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the research of price surges, the discovery of a common process, which co-integration
testing would be sensitive to, was perceived global risk. Setting the expectation that where
volatility is found, risk should be common.
The evidence of volatility spillovers from crude oil prices to wheat prices last two
weeks, to thirty days. Furthermore, both agricultural returns, and stock market returns are
positively correlated to energy prices, and volatility. Establishing that speculative influence
should also strengthen a price transfer mechanism, through speculators taking the risk from
the physical market participants.

The US Wheat Market and Price Spikes, Factors Affecting Food Prices, and Long
Run Historical Commodity Trends
Booth, and Brockman (1998), present the relationship between the Canadian and
US wheat futures markets; they found there is a long run equilibrium between the two
wheat markets. Establishing the expectation that long run findings in this research
potentially have impacts in the Canadian wheat futures market. The researchers found no
evidence of a short run relationship between the two markets, allowing the observation that
the short run price pressures in this research will be isolated to the US wheat market, while
the US wheat market has no impact from the Canadian wheat market. These findings help
to qualify the interpretation of findings and isolate short run impacts in the US wheat
market, with possible long run spillover impacts from the US to the Canadian wheat
market.
The impacts of volatility have been proven to have always been present in the
commodities markets by Cashin, and McDermott (2002). Their research shows that
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volatility increased after 1971, due to higher price cycles. This presents the expectation
that this research should find higher volatility in the outcome of my research. Jacks,
O’Rourke, and Williamson support the finding that commodity prices have presented
greater volatility (pg. 810).
The impact of US energy prices having large influences on US food prices in the
long run, but not in the short run, are presented by Baek, and Koo (2010). The researchers
found the major determinants of US food prices since 2000 are energy prices, the exchange
rate, and commodity prices. These results are based on vector error correction regressions,
and co-integration testing, which further sets the expectation that co-integration, and error
correction regression, are relevant to this research. These findings support the energycommodity price pressure linkage I investigate.
World agricultural yields declined during the period of 1990-2007, while acreage
planted decreased worldwide during this period (Trostle, pg. 5). The supply side was also
challenged with record energy costs influencing the majority of world farmers, along with
adverse weather conditions from 2006-2007, and from 2010-2011 in a number of countries,
which further reduced production and commodity stocks, (Trostle, pg. 6). Trostle’s
findings help to qualify the impact of shocks, which influenced commodities prior to the
Great Recession.
Janzen, Carter, Smith, & Adjemian (2014), studying the composition of wheat price
spikes, found that specific market shocks to supply, and demand were the dominant causes
for the 1991-2011 wheat futures price spikes (pg. iiii). These findings allow the application
of the shocks, which Trostle presented, helping to clarify the Janzen, Carter, Smith, &
Adjemian findings allowing the nature of the shocks to be corroborated. Real economic
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activity was found by the authors to have accounted for most of the price spikes between
2006-2011 (Janzen, Carter, Smith, & Adjemian, pg. v). This allows the expectation of
economic expansion driving the results of this research, should produce sound demand
driven results.
Frankel, and Rose (2010), found economic activity, spread markets, inventories,
and spot price changes pressured the determinants of agricultural and mineral commodities
(pg. 24). These findings present the potential ties of economic expansion to spot markets,
because both economic expansion, and spot markets are part of the sequence of activity
that responds to demand. This sets expectations that spot markets, and futures markets
response to demand increases, should drive commodity prices in this research.
The literature reviewed in this section presents the wheat markets of the US and
Canada have a long run equilibrium. However, there is no short run equilibrium. This
indicates the short run volatility, and short run price pressure influences found in my
research should not influence the Canadian wheat market. Further, because there is no bidirectional wheat market relationship, the US wheat market is expected to be free from
influence of the Canadian market. Setting the expectation that my research is expected to
be directly applicable to the US wheat market. This allows for the short run volatility of
the US markets to be isolated at least from the Canadian market. Because the volatility of
commodities has been determined to be a constant characteristic of commodities, the
remaining questions are, when does commodity market volatility change, and which
variables contribute to the volatility.
At least part of the answer is found in the determinants of US food costs. These
determinants have been identified to be energy costs, exchange rate, and commodity prices.
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My research investigates energy cost influences on a primary food commodity output, and
therefore becomes an issue in the food cost discussion. The importance of the energy to
wheat relationship becomes a more critical component of the impact on food costs
worldwide, when the following market conditions have already created increasing prices
do to: 1) decreasing world wheat stocks, 2) decreasing worldwide yields, 3) increasing
population, and 4) increasing incomes. These supply, and demand pressures increase the
burdens of a challenged market, making fuels costs, and fuels volatility relevant in every
commercial event providing wheat to world markets. This issue heightens the energy to
wheat relationship as a critical causal component of worldwide food costs.
US wheat price spikes, which have taken place from 2006-2011, were driven by
real economic activity. Presenting the firm expectation that demand driven prices, and
grain shortages are expected to have exacerbated the impact of the energy to wheat price
pressure relationships.

Impacts and Roles of Crude Oil
Mork (1989) expands on Hamilton’s 1983 research, which indicated crude oil
prices, and Gross National Product (GNP) are highly correlated (pg. 740). Mork found
statistical evidence that the growth of GNP was highly correlated with the price of crude
oil (pg. 740). This finding set a relevant expectation that any commodities tied to crude oil,
and fuels should experience positive price pressure impacts from crude oil prices, as GNP
increases.
Krichene (2002), reported that crude oil prices from 1973-1999 had become volatile
(pg. 557). This is a reoccurring theme found among the sections of the literature review
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and sets firm expectations of findings in this research likely presenting volatility. Krichene
(2002), also reports the demand for crude oil experienced deep structural changes from
1973-1999. Corroborating Carollo’s documentation of the change in the pricing
mechanism in the international crude oil market, while Horsnell, and Mabro (1993) report
that crude oil market volatility did not recede after 1986, or prior to 1993 (pg. 172). This
corroborates Krichene’s, and Horsnell, and Mabro’s findings of increased volatility. These
characteristics are supported by the free market claims of Carollo. Who further reported
the international crude oil market was a free market by 1989 (Carollo, pg. 42). Horsnell
and Mabro corroborate Carollo’s free market finding, in their finding that the value of
information in the international crude oil market in 1993, had risen to greater levels of
value, than during the Saudi Administered price-setting regime (pg. 172).
These findings reflect the transition to a free market, where more complete
information had increased value, after the price setting mechanism changed. Horsnell and
Mabro offer another piece of supporting information: that Saudi Arabia’s role as the swing
producer, and OPEC price leader prior to 1986, had dampening effects on the international
crude oil market price levels (Horsnell, and Mabro, pg. 172). These findings allow us to
observe the characteristics of a less competitive market becoming more competitive,
presenting the likely explanation for the difference in the growth of industrial production’s
price pressures on the price of the WTI spot price, and the US oil company FPP price.
Regnier (2007), reports that crude oil, and refined petroleum prices are more
volatile than 95% of other products sold by domestic producers, with energy prices
becoming more volatile after the crude oil crisis in 1973, which increased volatility of all
products (Regnier, pg. 405). Regnier’s findings present greater support for the issues of

21

crude oil volatility, specifically impacting fuels, and farm products. This sets the
expectation that the connections of crude oil to fuel, to wheat were already in place prior
to 2007.
Kilian and Murphy (2014) rule out speculation being the cause in the surge of the
real price of crude oil from 2003-2008 (pg. 2). Speculation in crude oil futures was found
to play a role in the 1979, 1986, and 1990 crude oil price spikes (Kilian, and Murphy, pg.2).
These findings help qualify the findings of a crude oil bubble reported by Irwin and
Sanders, which only took place from March to August of 2008, as likely being concentrated
during the short period reported. This allows for the expectations of reliable relationships
between price pressures, and the US wheat market during the pre-recession demand shock.
Juvenal, and Petrella (2015), find that from 1972 to 2009, oil prices are historically
driven by strong global demand (pg. 26). The authors did find speculation contributed to
crude oil price increases between 1972-2009 (Juvenal, Petrella, pg. 26). This finding is
supported by Carollo (2012), who reported the beginning of the free market in the
international crude oil market was highly troubled with squeeze tactic speculative impacts
between 1990-2000 (pg. 124).
Juvenal, and Petrella further present that price increases of commodities and
commodity price co-movement is driven by global demand, and that speculative shocks
reinforced this effect on commodity co-movements (pg. 2). These findings further support
the expectations of finding positive price pressure impacts between crude oil, diesel, and
wheat.
The positive correlation between the growth of GNP and crude oil prices set the
next layer of the assumptions in this analysis. Based on economic expansion, as increased
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productivity goes up, the demand for energy will create upward price pressures, which are
positively correlated with the growth of GNP. Because the upward price pressures are
occurring during periods of expansion, crude oil market volatility is expected to create risk,
as upward price pressures create increased price cycles.
The levels of crude oil volatility have been found to have increased after the crude
oil embargos of the 1970’s. However, the reflections of corroborating information place
the international crude oil market pricing mechanism changing in 1986. The crucial
change, which began the transition of an oligopolistic market to a free market, was Saudi
Arabia setting their prices based on the Brent futures price. Volatility increases were
comparably different after Saudi Arabia began the transition to a free market price setting
mechanism in 1986. The international crude oil market has been identified as being a free
market by 1989, with the increase in volatility having been found to have again increased
after the pricing mechanism changed in the international crude oil market. By 2007, the
volatility of crude oil prices were affecting consumers who had lost their insulation from
commodity price volatility.
Increased price level volatility has a history tied to the crude oil embargoes of the
1970’s, with the price of non-energy and non-agricultural commodities returning to preembargo price levels. Crude oil though, had become more volatile than 95% of all other
commodities, with the impacts on agricultural commodity prices having become more
volatile. The volatility spill over from crude oil to wheat has been found to present price
shocks that last two weeks to one month. The monthly unit of measure in this research is
expected to filter out short-term volatility spilling over from crude oil to wheat prices. This
provides the expectation that supply and demand pressures should be easily represented in
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the US wheat price series. This expectation is further supported by the findings that real
economic activity and global demand are the drivers of price co-movement among
commodities, solidifying the expectation that economic expansion should be found driving
energy price levels, and the price transfer between energy and wheat.
This research should be able to support the findings presented in this literature
review. With an expansion of the economy, both crude oil prices and wheat prices should
increase at the variable level. When economic expansion occurs the price of crude oil
futures should rise as open interest in future delivery expands, with the price of crude oil
rising because of upward price pressures from the futures market. Once this occurs, the
price pressure chain from economic expansion, to crude oil price increases, to diesel price
increases, to wheat price increases should be found at the variable level, and at the price
series component level. Further, the chain of price pressures should be found to have
specific statistically significant relationships in the price series components, which will
define how the variable level price series responds to the price transfer mechanism.

Data
The analysis of the relationship between Crude oil, US diesel, and US wheat prices
is an effort to find evidence, which supports the potential linkages that facilitate comovement between prices. The analysis is carried out using monthly data. The study period
is January of 1992 through December of 2012. The period is relevant because US crude oil
imports were proportionally greater than Energy Information Administration (EIA) crude
oil field production volumes, thereby providing stability for my analysis during the study
period. The second reason for this study period is that between 1988, and 1992 the world
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crude oil market underwent a structural change in the pricing mechanism for over 60% of
the physical crude oil sold in the international crude oil physical market (Carollo, 2012).
This study period allows for the dynamics after the structural change to be included in the
analysis. Another benefit is a stable relationship between imported, and domestic crude oil
is represented in the data. A review of international crude oil shocks and refining industry
challenges are presented in the appendix on pages 192 to 194. Data sources used in this
analysis are from the Energy Information Administration, YCharts.com, the Bureau of
Labor Statistics, and the United States Department of Agriculture.
There are 28 variables used in this analysis. Economic variables are used in real
dollars (2009Q1=100), and in log real forms. Pragmatic units of measure are also used in
log form. Data descriptions include the number of monthly observations, mean, standard
deviation, minimum, maximum, and treatments, which are included on pages 189 to 190.
These tables contain the original nominal series, and the price trend, and cyclical price
components generated from the original nominal series using tsfilter, the foundational loglog elasticity regressions X, and Y numeric descriptions, and the real form of the original
nominal series.
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Methods
Stationarity
The economic time series used in this research were tested for non-stationarity. The
series were found to range from I (1) to I (3) levels of integration. A non-stationary series
means the variance, and the mean of the time series does not return to zero from time to
time. Where the non-integrated, or stationary series has a finite variance, and a finite mean.
Kennedy reflects that the Box-Jenkins method of differencing removes all long-run
information (pg. 303). Thereby motivating the use of the Hodrick-Prescott method for
removing non-deterministic trends from time series data in this research. After de-trending
all series were tested for stationarity using the Stata DFGLS command, and were verified
stationary. All de-trended variables were returned to a mean of zero, or near zero, and
below a mean of one.
Non-deterministic trends in series that are made trend stationary are series, which
do not have a unit root. These series are characterized by having a non-constant mean,
where the series continues to increase over time, and is not forced back to a zero mean by
equilibrium forces. The Hodrick-Prescott trend removal is based on Yt =Tt + Ct. Where
the time series Yt is composed of the price trend, or growth component Tt, and the cyclical
component Ct, or business cycle component. Using band pass spectral analysis theory to
filter economic time series in an effort to arrive at Ct.= Yt - Tt, Sergio and Rebelo (1993)
found that the Hodrick-Prescott trend removal technique renders series integrated of higher
order, of up to I (4), stationary. Thereby presenting this research with a solution, which
does not destroy long run information, and allows for methods of reduced complexity.
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Correlations and Bonferroni Corrections
The Pearson correlation coefficient calculates statistical association and is used in
this research. Pearson’s r correlation coefficient indicates the extent that observations are
closely or loosely clustered about a determined regression line (Berman, and Wang, pg.
245). Nefzger, & Drasgow, reflect that, it must be possible for the relationship between
two variables to be represented by the point and slope form of Y = Ax + B (pg. 623).
Nefzger, & Drasgow further reflect that marginal distributions do not need to be normally
distributed for the Y = Ax + B criteria to be met (pg. 623). The authors further clarified the
statistic is applicable when correlation coefficients are obtained from continuous variables,
where the Y = Ax + B criteria is tenable (Nefzger, Drasgow, pg. 623).
The Pearson correlation coefficient is susceptible to type one errors when multiple
correlations are calculated. The greater the number of variables, the greater the chance of
a type 1 error being accepted increases, based on the random probabilities of a type-1 error
increasing as the number of groupings tested increases (Rice, pg. 223). If no adjustments
are made for the number of groups tested in the correlation, the chance of type-1 errors are
not controlled for (Rice, pg., 224). The Bonferroni corrections are a modification to the
selection of statistically significant test results, which controls for the addition of tests to
the test group. This establishes control for the purposes of limiting the possibility of type1 errors and is achieved by changing α to α/n. Next, requiring each individual test passes
the criteria of α/n, which produces an accurate group critical value which can be used in a
<= α condition. This establishes tighter management of the application of α as a statistically
significant critical value. Bonferroni corrections are used in this research to limit type-1
errors in statistical association calculations.
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Stepwise Regression
Stepwise regression is an iterative search for the most explanatory variables. This
research uses backwards stepwise regression, where a full model containing all potentially
causal variables are analyzed for their respective contributions. This is done through the
partial F test, with the weakest criteria being excluded first, in comparison to the acceptable
critical value, which has been set by the researcher. The cycle is repeated until all remaining
values meet the criteria for inclusion (Henderson, and Denison, pg. 252).
Henderson and Dennison reflect the inclusion of extraneous variables can lead to
the misapplication of the  and F statistics. The application of the stepwise removal
technique in this research is applied to cross-market variance impacts. In an effort to
identify markets with similar variance characteristics. The variables, which are used in the
stepwise regressions, are the selected crude oil market, and diesel market variance
variables. The theoretical application is contained to the hypothesis that only markets that
have cross market price pressures will be identified in the stepwise regressions. The
analysis supports this hypothesis being proven.

Co-Integration
Variables such as futures prices and spot prices, the value of sales and production
costs are examples of variables which are co-integrated, and which may diverge from one
and other in the short run, but return to a long run equilibrium because of economic forces
(Granger, 1986, pg. 213). Co-integration allows for models that capture the characteristics
of the co-integrated variables. (Granger, 1986, pg. 213).
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Co-integration is the theory that co-integrated variables share a common process,
which is identified through a linear combination of the vectors suspected of co-integration
(Kennedy, pg. 310). When the linear combination of I (d) variables is found to be
stationary, the variables are found to be co-integrated (Enders, pg. 319). The conditions for
co-integration are: 1) both series are integrated of order d, and 2) there exists a linear
combination of the variables where the variables are both I (d) and are differenced b times
where stationarity is achieved (Charemza, and Deadman, 1997).
In the Granger two-step, method the co-integrating regression is run in order to
generate residuals. (Kennedy, pg. 309). The co-integrating regression is used to remove the
common process from the residuals (Kennedy, pg. 310). Then using first differenced
variables and lagged values of the residuals to capture the error correction. If the variables
are co-integrated, the coefficients should be greater than zero. Kennedy notes that mixing
level and differenced terms is acceptable because, “…the co-integrated variables
automatically combine during estimation to resolve the dilemma of the mixed orders of
integration (pg. 311).”
The simplest of the co-integration tests are based on testing for unit roots. Because
finding a unit root indicates, there is no co-integration (Kennedy, pg. 310). This is the case
with a vector error correction co-integration tests as well. Xt can only be co-integrated with
Yt if there is no unit root. Prior to de-trending the non-stationary vectors were used in cointegration testing and established the foundations of the research.
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Granger (1986) found:

“Consider initially a pair of series xt vt, each of which is I (1) and having
no drift or trend in mean. It is generally true that any linear combination
of these series is also I(1). However, if there exists a constant A,
such that zt = xt, - Ayt ,

(2.1)

is I(0), then xt yt, will be said to be co-integrated, with A called the
Co-integrating parameter (pg. 215).”

Granger presents the opportunity for the use of appropriately de-trended variables
in co-integration testing. Because the de-trending removed non-deterministic trends using
the Hodrick-Prescott method. There remains deterministic trends in which the common
process of a co-integrated pair of vectors will continue to possess after de-trending.
Allowing for co-integration testing of trend stationary variables.

Granger Causality
Ganger causality allows for the identification of causality in the perspective of
predictability. If x Granger causes y, then the present values of y are more accurately
predicted by past values of x (Charemza, and Deadman, 1997). Granger (1988) presents
that if a pair of I (1) variables are co-integrated, there is at least one causation in one
direction (pg. 199). Granger (1988) reflects that co-integration is found in the long run
component, or the price trend, while the causality is concerned with short run forecasting
(pg. 203). There are two fundamental principles of causality: 1) that the cause happens
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before the effect, and 2) the causal series contains unique information about the series it is
causing, that does not exist in other available series (Granger, 1988, pg. 200).
Granger (1988) reflected that causality testing is used, as it is in this research to
identify the stability of price leadership characteristics, between macroeconomic variables,
which drive demand, futures prices, spot prices, and fuels prices. Granger (1988) causality
is used to identify relationships in this research which are not just causal, but which present
continual price linkages which do not change. The continual price linkages, which do not
change, are considered in Granger’s J, which is all available and relevant information, but
Granger warns it is the critical decision for the researcher to ensure the correct information
compels the analysis of the Granger causality testing.

Error Correction Regression
Error correction regressions are used in this research to enable the differentiation
between a long run equilibrium, and the short run deviations from the long run equilibrium.
The use of the error correction regressions became a necessity in econometrics when
ARIMA and VAR models proved too static for the dynamic nature of the economy, and
economic theory (Kennedy, pg. 299). The foundation of the error correction model is that
the economy is more frequently out of equilibrium, and is generally in a state of transition
(Kennedy, pg. 299). This research uses a simplified error correction model to differentiate
the long run from the short run dynamics contained within de-trended times series.
The standard error correction model is intended for I (d): (d ≠ 0) time series, which
are co-integrated, and would be ran with a combination of differences, and level forms of
the variables. Because the data in this research have, non-deterministic trends removed by
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the Hodrick-Prescott de-trending method, the ability to use a simplified error correction
model is presented by de-trending.
In standard error correction regressions lagged time periods are used to reveal the
short term impacts which deviate from the long run equilibrium (Enders, pg. 366). Because
the time series in this research are trend stationary, the issue of how many lags are
necessary to reveal an appropriate amount of short run information has been set to a single
lag. The single lag of the independent variable allows for the error of the autocorrelations
in the explanatory variable influencing the long run to be identified. Thereby removing the
short run error, from the long run, allowing the equilibrium level to be identified in this
simplified error correction model. Because these series are trend stationary shocks die out
over time, rather than being carried on with a near 1 autocorrelation as they would in their
I(d) form (Kennedy, pg. 308).

Analytical Results and Analysis
Foundational Relationships: Elasticities
In order to investigate the events, which potentially generate price transmission
pressures, assessing suspected price pressure influences is necessary. An assessment of
elasticities will establish the foundational nature of the study, and should present
expectations of what an expansion of the research may require.
An analysis of elasticities present the foundational relationships suspected of
having a foundational role in this research. The elasticity analysis is broken into categorical
groupings. Those groupings are wheat, diesel, industrial growth, and finally
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macroeconomic variables. The regression results are presented in three periods of analysis:
1) 1960-2016, using all available data, 2) 1992-2012, the study period, and 3) 1960-1991,
the pre-study period, using all available data. The table reports R2,  , , and the number
of monthly observations. The results of this study of elasticities is presented in appendix
figure 1 on page 133.
The results on the impacts on the US wheat price establish 35 statistically
significant elasticities in the wheat price thematic group. The period in which the most
statistical significance is found is the study period. All elasticities in the study period are
statistically significant. In the 1960-2016 period, the only variables that drop out of
statistical significance are DPI, and the US population. Establishing the remaining 32
elasticities present firm foundations for the direction of research.
The overall results of table 1 reflect that among the price pressures US wheat is
susceptible to, GDP per capita, crude oil prices, the price of diesel, industrial production
and producer price indexes reflect the largest potential impacts on the price of US wheat.
The largest potential impacts on the price of wheat are most significantly, the wheat
producer price index, with the price of diesel having greater explanatory power and a longer
more stable impact than does GDP per capita.
Crude oil prices achieve a slightly higher set of estimators than does GDP per
capita, but their explanatory powers are lower than GDP per capita. The crude oil results
are stable over time, with all crude oil elasticities in the study period presenting within a
5% window of 1:25% to 1:30%. This establishes a potential continuous presence of price
pressures from crude oil on the price of US wheat.
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The price of diesel responds 1.35 times quicker to a 1% change in GDP per capita,
which out performs DPI. The demand for diesel responds to GDP per capita more quickly
than DPI, since GDP per capita, grows approximately five times faster than DPI during the
study period. The lagging impacts of DPI growth present the GDP per capita elasticity to
the total gallons of diesel demanded as the greater impact. Clarifying that GDP per capita
has a larger potential impact on the price of diesel, and the consumption of diesel.
The growth of industrial production presents a stable impact on the price of crude
oil, and the price of diesel. However, comparatively GDP per capita has double the
elasticity than industrial production, while GDP per capita achieves similar explanatory
powers as the growth of industrial production. Providing the insight that the bi-directional
relationship of GDP and industrial production is more greatly influenced by GDP per
capita. The basis for the relationship is the growth of production as demand increases,
spurring growth of the bi-directional relationship creating more demand. Both of which
causes the growth of US oil consumption, which creates the growth of crude oil prices,
fuels prices, and the US wheat price increase.
The bi-directional GDP per capita and industrial production relationship presents
elasticities of 1:166%, and with industrial production as the explanatory variable, the
elasticity is 1:51.3%. Allowing for the quantification of the growth characteristics of the
GDP per capita and the industrial production bi-directional relationship. This presents the
foundations of economic expansion as the mechanism that drives prices. Figure 6, on page
44 presents a summary of important findings.
The elasticity of the world average crude oil spot price to the US wheat price
achieves statistical significance across all three periods. This variable is an average of the
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spot prices of WTI, Brent, and Dubai crude oil streams. This variable was found to be
weakest in the study period, with the strongest period of the relationship coming from the
pre-study period. Indicating a change in the structure of the relationship appears to have
taken place. This weakening may be attributed to the change in the international crude oil
price setting mechanism. This change took place during December of 1986, when OPEC
decided Brent would be the reference for the price of crude oil, rather than the Saudi
Arabian light crude (Carollo, 2012) (Horsnell, and Mabro, 1994). The Brent price was not
the price of the physical crude, but rather a financial commodity, Brent futures (Carollo,
pg. 11). This is the major change between the pre-study period, and the study period.
Speight (2011) dates the beginning of the price mechanism change in US to 1983, which
is when the NYMEX began trading crude oil futures. The price mechanism change was the
first step to a free market, and brought greater volatility to the international crude oil market
(Horsnell, and Mabro, pg. 170). Carollo (2012) finds the free market conditions in the
international crude oil market have sustained higher prices than the physical market could
have generated. Correlations of de-trended variables below in figure 1, present the changes
discussed above, through evidence of the statistical association, which presents weakening
of the relationship discussed.

Figure 1 - Correlation of Wheat and Selected Crude Oil Prices
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The results of the crude oil elasticities present a stable presence of potential price
pressures, which remained statistically significant during the 1960-2016 period. The
average crude oil elasticity influences US wheat prices from 1960-2016, and presents an
average elasticity across all crude oil measures of 1:26.3%. This is a drop from the average
crude oil elasticity during the study period of 1:28.6%. These findings establish FPP, Brent,
WTI, refiner acquisition cost of imported crude oil, and the refiner acquisition cost of
domestic crude oil as having potential price pressure influences on the price of US wheat,
which identifies several stable potential price pressure crude oil variables.

Figure 2 - Crude Oil Cost per Gallon of Diesel Graph

The graph in figure 2 above presents the cost of crude oil per gallon of diesel from
May 2002 through November 2016. Further demonstrating volatility of crude oil costs
impact on the price of diesel, and the increasing price trends diesel has experienced.
The next US wheat price elasticities assessed are the cost of diesel and the producer
price indexes representing the costs of goods produced. Variables assessed in this section
present two of the four largest impacts on the price of US wheat. First, the price of diesel
maintains consistent elasticities of 1:54% in both periods tested. These elasticities are
supported by explanatory powers of greater than 18%. This result presents the price of
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diesel having double the impact of other crude oil variables. Further establishing the
hierarchical rankings of energy costs impacts on the price of US wheat.
The diesel producer price index achieves price pressure capabilities with a
statistically significant elasticity of greater than 1:17% in both periods. This result
establishes a stable and continuing relationship of the costs of energy production with the
price of US wheat, and has price impacts tying the price of crude oil to the cost of
production of US wheat. The graph below in figure 3 presents fuel expenses for US
farmers. When compared to the previous graph, it is observable that the price of crude oil
per gallon of diesel has had a large impact on the fuel costs of US farms.

Figure 3 - US Farms Fuel Expenses

The last of the producer price indexes assessed for price pressures on the price of
wheat is the wheat producer price index. The elasticity of the price of US wheat to the
wheat producer price index attains 89% to 97% explanatory power across all periods, with
the elasticities for these results ranging from 1:49.4% to 1:55.1%, presenting a stable
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relationship. The graph in figure 4 below presents USDA findings on the costs of
production of US wheat. The graph presents Fuels, and Fertilizer competing for the most
expensive components of US wheat production starting in 2000.

Figure 4 - USDA Costs of Agricultural Production Graph

The final findings in the wheat elasticities section are the impacts of population,
and employment. Population achieves a statistically significant impact during the study
period, and in no other period tested. The results presents an explanatory power of below
3%, and is not expected to have a significant impact on the study.
The employment variable produces a statistically significant elasticity, across all
periods. The finding achieves a constrained explanatory power ranging from 1:2% to
1:3.1%. Indicating, the impact may easily be neutralized by larger market forces. The result
is not expected to influence this study.
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The impacts on the price of diesel and the demand for diesel are largest in the study
period. GDP per capita achieves statistically significant elasticities influencing the price of
diesel with explanatory powers of 61% to 63%, which present elasticities of 1:525%, and
1:499% respectively. These findings present another tie of the relationships between crude
oil, diesel, and economic expansion. The impact of the GDP per capita elasticity on the
demand for diesel and the diesel producer price index ranges from 1:111% to 1:109%, and
are accompanied by explanatory powers of 18.9%, and 20% respectively. These results are
stable across both periods tested, with the results presenting GDP per capita as a significant
impact on the price, and demand for diesel in the foundations of this research.
The next assessment is of the impacts of the growth of industrial production on
crude oil, diesel, and refinery crude oil acquisition costs. The results in this section are
almost as large as the impact of GDP per capita on the price of diesel. The rate of industrial
growth presents explanatory powers of 41% to 54% for its impact on the price of crude oil,
in the study period. The impact of the rate of industrial growth on the demand for diesel
attained explanatory powers greater than 21%, and elasticities greater than 1:63.6%.
However, in the pre-study period where 55 monthly observations were tested the
relationship does not exist. This presents another of the changes potentially tied to the
international crude oil market structural changes and the evolution of the US economy from
primarily consuming gasoline in the pre-study period (Carollo, pg. 65).
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The largest impact on crude
oil and energy price pressures of
industrial production is the impact of
the 1:383% elasticity on the annual
US oil company FPP price. This
single impact will create sticky prices

Figure 5 - US Refineries, Petroleum Pipelines, Petroleum Ports,
and Gulf Coast Wells Map

during the period of the contract.
In the figure 5 above, notice the structural changes in the infrastructure as you
review the map from east to west. The center of the country contains the majority of the
US pipeline, and refinery infrastructure, which includes the Gulf coast oil wells in federal
waters. Contrast this with the eastern half of the country and the western half of the country.
This presents the observation that where more petroleum is processed and distributed,
prices will more easily change, as opposed the areas of the country where less petroleum
is refined, where prices will be easily anchored to the sticky annual contract prices. Carollo
(2012) reports that up to 85% of the world crude oil is purchased through annual contracts,
helping to qualify the importance of the impact of annual first contract purchase prices.
The refinery acquisition costs are the next group of elasticities assessed for impacts
from the growth of industrial production. Refinery acquisition costs for imported crude oil,
domestic crude oil, and the average acquisition costs all have elasticities in a 3.4% window
centered on an average elasticity of 1:366%, which further presents the price pressure
impacts of economic expansion on the refineries acquisition cost of crude oil retain their
relevance. The results from the industrial growth section present another layer of the
evidence supporting the observation that as economic growth occurs; demand for energy
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is one of the pressures, which drive increased energy costs. These results further support
the evidence that there are multiple potential price pressures from the available crude oil
streams.
The macroeconomic elasticity results are presented in the last section of figure 6.
The results presented in this section are the impacts of GDP per capita, and the industrial
production levels’ impacts on the WTI spot price, and the US FPP price. Both GDP per
capita and the levels of industrial production achieve statistically significant elasticities
with both crude oil components. These results are statistically significant in all three
periods tested in the industrial production comparison. The GDP per capita variable does
not contain data for the pre-study period.
The GDP per capita results present elasticities that are almost double that of the
industrial production elasticities, and is the case in the study period, and in the 1960-2016
periods. The relationship of industrial production to the crude oil variables is weakest
during the 1960-1991 period. This may be explained by the changes to the international
crude oil market pricing mechanism change having influenced the relationship after 1988.
Carollo (2012), reports that the structural change in the pricing mechanism after 1988, has
established prices higher than the physical market could have established (pg. 131). This
insight allows the observation that the increase in crude oil price levels are potentially the
cause of the increased elasticities related to the growth of industrial production.
Supporting these observations, Krichene (2002) reported increased crude oil price
volatility from 1973-1999, indicating a structural change in the international crude oil
market (pg. 557). Corroborating Carollo’s documentation of the change in the pricing
mechanism taking place in the same period. While, Horsnell and Mabro (1993) report that
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international crude oil market volatility did not recede after 1986, or prior to 1993 (pg.
172). This corroborates Krichene’s, and Horsnell and Mabro’s findings of increased
volatility. These characteristics are supported by the free market claims by Carollo, who
further reported the international crude oil market was a free market by 1989 (pg. 42).
Horsnell and Mabro, also corroborate the free market finding of Carollo, in their finding
that the value of information in the international crude oil market in 1993 had risen to
greater levels of value than during the Saudi Administered price-setting regime (pg. 172).
These findings reflect the transition to a free market, where information that is more
complete had increased value, after the price setting mechanism changed. Horsnell and
Mabro offer another piece of supporting information; which is that Saudi Arabia’s role as
the swing producer, and OPEC price leader prior to 1986, had dampening effects on the
international oil market (pg. 172). These findings allow us to observe the characteristics of
a less competitive market becoming more competitive, presenting the likely explanation
for the difference in the growth of industrial production’s increased price pressures on the
price of the WTI spot price, and the US oil company FPP price.
The elasticities in this initial investigation present a foundation for the research,
which preliminarily supports several topics from the literature review. First, the economic
engine identified in the bi-directional GDP per capita and industrial production relationship
presents a relationship where when the levels of industrial production respond to demand,
GDP per capita increases. As economic expansion continues to expand, demand first for
energy to support the movement of primary commodities and the production of primary
commodities increases. This takes place to meet demand for finished goods. Within this
sequence, we have the relationships of economic expansion affecting energy, and the price
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of wheat with statistically significant elasticities having been presented. This initial study
has presented market, and economy wide changes, which took place before, and after the
international crude oil market pricing mechanism transitioned to a free market pricing
mechanism. The relevance of this initial stage of research identified a demand driven
framework with multiple potential price pressures having been identified. However, the
issue of which potential price pressures are causal, rather than being commodities with
common price pressures has not been clarified.
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Figure 6 - Log-Log Regression Overview Table
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Energy, Population, and Wheat
I expand my investigation into the foundational elasticities from the previous
section by including co-integration and granger causality analysis. The expansion of
research includes the expansion of comparisons from 43 to 62 comparisons. Statistically
significant results from co-integration and causality analyses are most prevalent during the
1960-2016 period with 89% of co-integration, and causality results achieving 99%
confidence levels: appendix figure 3. The study period achieved 81% of co-integration,
and causality results achieving 99% confidence levels: appendix figure 4, with the prestudy period, 1960-1991 achieving 69% of possible tests presenting 99% confidence levels:
appendix figure 5.
Results in the economic impact section present one significant impact. The
relationship of US oil consumption to the FPP price, which presents a relationship that, has
not existed since the pre-study period. The relationship has explanatory powers of 13%,
and an elasticity 1:-588%. Providing the insight that as US oil consumption went up, the
price of oil consumed went down. This finding is based on 42 years of data. The pre-study
period was a period of OPEC crude oil dependence, Carollo reports that most imported
crude oil in the pre-study period came from the Persian Gulf, where the crude oil is a lower
grade of crude oil, and therefore carries a lower price level (pg. 65).
The crude oil impacts on diesel prices present all elasticity results being statistically
significant. The average explanatory power in the 1960-2016 period achieves 82%, and the
study period average explanatory power was 80.8%. The elasticities of the 1960-2016
period averaged 1:100%, with the study period average elasticity increasing to 1:98%.
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Presenting stable relationships, with very large impacts on the price of diesel covering a
22-year period.
The impacts on the demand for diesel are strongest in the study period. The study
period has the strongest explanatory powers, when compared to the 1960-2016 period.
However, both the study period, and the 1960-2016 period have comparable elasticities,
which vary less than one percent between the periods. This reveals consistent stable
relationships in the influence on the demand for diesel. The most interesting observation
in this set of comparisons is that there is only one statistically significant result for the prestudy period, which is the refineries acquisition cost of imported crude oil. Presenting
another observation about the pre-study period and the dependence on OPEC oil during
this period. This finding presents the largest explanatory power of 20%, with an elasticity
of 1:-1806%. Indicating a relationship where the cost of imported oil went up, the demand
for diesel will have gone down with large impacts. This is likely due to the surplus of diesel
the US was not consuming. However, the finding does need to be further qualified if used.
The impacts on the price of wheat are stronger in the 1960-2016 period, than in the
study period. The impact of crude oil elasticities on the price of wheat are slightly weaker
in the study period, but the elasticities range from 1:25% to 1:30%, and in the 1960-2016
period the elasticities range from 1:20% to 1:48%. This presents the presence of stable
price pressure potential from several streams of crude oil
GDP per capita continues to present large influences on in the levels of industrial
production ranging from 1:286% in the study period to 1:295% in the 1960-2016 period.
The impact of industrial production levels on the price of wheat has weakened over time.
The largest impact on the price of wheat by industrial production has been in the pre-study
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period. The only crude oil variable to have an impact in the pre-study period was the world
average crude oil spot price, with a 1:40% elasticity. This was the strongest period for this
impact on the price of wheat. However, the world average crude oil spot price is an average
between WTI, Brent, and Dubai crude oil streams. The world average crude oil spot price
is a reference and not a crude oil stream for delivery. The significance of the world average
crude oil spot price is as a reference, which wheat prices respond to better than some crude
oil streams.
The impacts of population present small but statistically significant impacts on the
price of energy, and wheat consumption in both periods tested. These relationships
typically have less than 6% explanatory power; but the relationship with population did not
take place in the study period with oil consumption, the price of crude oil, or the demand
for diesel. During the study period, population influenced three of the variables assessed.
Those variables are the total gallons of distillates 1 & 2 delivered to market, the price of
US wheat, and the consumption of US wheat. The explanatory powers of the total gallons
of distillates 1 & 2 delivered to market, and the price of US wheat range from 2% to 3%,
with elasticities ranging from 1:-6400% to 1:41348%. Presenting two elasticities that need
further qualification prior to applying these findings. The two elasticities are large and are
defined by their respective signs. While population’s impact on wheat consumption
presents an elasticity of 1:1360%. Of the three relationships, the wheat consumption results
are the only set of results, which are co-integrated, and found to be causal.
The employment impacts present statistically significant results in all three periods.
The impact of the employment levels in the labor force present much stronger results than
does the population. First, the impact of employment on the price of wheat is statistically
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significant outside of the study period. The impacts on the consumption of crude oil
remains statistically significant across all periods tested. The elasticities range from 1:76%
to 1:103%, which is accompanied by explanatory powers that range from 8% to 18%. This
finding presents firm evidence of the role of the demand shifter, the number of employed
in the labor force having an impact on crude oil.
The impact on the consumption of diesel by the rate of employment achieves the
strongest elasticities in the employment analysis, with explanatory powers ranging from
48% to 49%, and are accompanied by elasticities ranging from 1:217% to 1:214%
respectively. This relationship did not exist in the pre-study period. The last of the impacts
of the employed are on the consumption of wheat, which show the impact on consumption
is statistically significant in the two periods tested. The strongest period of impact was the
study period, which presents a 16% explanatory power, and an elasticity of 1:92%, which
weakened slightly in the 1960-2016 period. These results are based on 37 years of data,
which presented strong relationships with the demand for diesel, and wheat.
The macroeconomic assessments produced one statistically significant finding of
relevance. In the two periods tested, the relationship between GDP per capita, and the
industrial production levels presented the strong bi-directional relationship, which was
found in the first elasticity assessments. This relationship was co-integrated, and Granger
caused in both directions of the relationship. Providing statistical evidence for the
relationship being capable of generating economic expansion from either of the directions
in the relationship.
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Extended Wheat Price Analysis
This part of the investigation expands into the price influences on US wheat by
adding population, the price of price, the number of employed, the employment rate, and
the unemployment rate to the analysis. The additions to the analysis will help clarify the
roles of these demand-shifting variables. Population and the number of employed have
been previously presented, and are presented here for comparison purposes.
The next step taken to investigate the impacts on the price of US wheat is a
comparison of six relationships, tested for bi-directional characteristics. The results present
33 co-integration, causality, and elasticity test results. The results are presented fully in
appendix figure 6 on page 152. The results in this table cover the period of 1960-2016.
This table expands the investigation into the influences on price based on previous results.
The results regarding employment, present the number of employed being cointegrated, at statistically significant levels. However, the elasticity of the number of
employed to the price of US wheat is not supported by granger causality. The elasticity of
this relationship only achieves a 2.2% explanatory power, and the lack of any Granger
causality in the relationship coupled with the constrained explanatory power, makes the
impacts of this variable in this my research unlikely.
The co-integration and causality results for the assessment of the impact of diesel
on the price of US wheat, present the price of diesel being statistically significant. The
price of diesel is co-integrated and causal at 99% confidence levels, which is significant
because the price of diesel, presents elasticity results greater than does crude oil. The
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results continue to support the assertion that as economic expansion occurs, and demand
drives prices up, as the cost of energy goes up, as the cost of doing business goes up, and
the fraction of the cost of doing business tied to the cost of diesel fuel pushes wheat prices
higher.
The final results of the table present the statistically significant results for the cointegration, and causality of the employment, and the unemployment rates on the price of
US wheat. The elasticities provide statistically significant evidence of the relationships as
well. The unemployment rate presents a negative statistically significant relationship to the
price of US wheat, which is constrained by less than 3.5% explanatory powers, and an
elasticity of 1:-27%. The employment rate presents an elasticity of 1:433%, with the
constrained explanatory power of 4%; the results do not indicate the findings will be of
impact in this study. Significant results are found below in figure 7.

Figure 7 - Expanded Wheat Price Investigation
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Wheat Consumption Analysis
The expansion of the research into wheat consumption is intended to help identify
how the relationships change, regarding the demand pressures for wheat in this research.
The expansion is expected to produce clear differences between price pressures, and
demand pressures, which would affect the US wheat price.
The next step taken to investigate the impacts on US wheat is a comparison of 13
relationships, tested for bi-directional relationships with the consumption of US wheat. The
results present 78 co-integration, causality, and elasticity test results. The results are
presented fully in appendix figure 7 on page 156. This table covers results for the period
of 1960-2016.
The overall results of the table present new supportive evidence for the foundational
findings as differentiated by the impacts on US wheat consumption. The results present the
presence of demand shifters being statistically significant. However, in the current bivariate log-log form, the results are generally not large enough to indicate a significant
impact.
The results present GDP per capita maintaining a price pressure relationship
through demand. This relationship achieves statistically significant co-integration, and
causality test statistics. Additionally this relationship achieves a 10% explanatory power;
the elasticity presents a demand elasticity of 1:62%, while the level of industrial production
maintains a statistically significant role. The industrial production explanatory power of
the elasticity of demand is 1:1.3%, the elasticity achieves 1:14%, clearly indicating the
potential impact of GDP per capita will be the more active relationship driving
consumption. Figure 8 below is an overview of the impactful findings.
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The crude oil influences on the consumption of US wheat present statistically
significant results. All crude oil and Cushing futures variables achieve statistically
significant co-integration, and causality results, which are supported by statistically
significant elasticities. These elasticities provide evidence that the impact of crude oil
prices and Cushing futures have only small impacts on the consumption of US wheat. The
elasticities range from 1:3% to 1:5%. This presents a contrasting difference in the impact
of the crude oil variables on the US wheat price, and supply side wheat consumption. The
finding presents the observation that while it cannot be said that crude oil, and Cushing
futures prices do not cause consumption pressures on the consumption of wheat, the
elasticities do not report negative relationships either. This result clarifies the extent of the
correlation of the crude oil price correlation to GNP, which Mork (1989) identified,
specifically that the crude oil price is not a good indicator of the demand for wheat.
The impacts of population, and the number of employed in the workforce do have
statistically significant impacts on the consumption of US wheat. Each achieves
statistically significant co-integration, causality test statistics, and are supported by
statistically significant elasticities. The impact of population achieves a 3% explanatory
power, while the number of employed in the workforce achieves an explanatory power of
8.6%. The accompanying elasticities are 1:1262%, and 1:70%, with each elasticity derived
from a minimum of 249 monthly observations. This finding supports the findings of
Janzen, Carter, Smith, & Adjemian (2014) who cited increasing incomes, and population
growth as a standard set of demand shifters for US food prices (pg. 3). Further investigation
to clarify their roles is necessary before determining the effects on the supply side
consumption of wheat
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The impacts of diesel on wheat consumption are the next assessments presented.
All results are statistically significant in the assessment of diesel impacts on wheat
consumption. The price of diesel and the demand for diesel in total gallons delivered to
market achieve 99% confidence levels in their co-integration, and causality test results.
However, some of the results are taken with caution, because they do not present direct
impacts, but present the common impacts of economic expansion driving demand in both
series at the same time. First, the relationship of the US diesel price to the consumption of
wheat achieves a statistically significant elasticity of 1:8% with less than 1% explanatory
power, making the result impractical to use, though it does establish the inability of the
price of diesel to influence US wheat consumption.
The more plausible side of the relationship between these two variables is that the
demand for wheat consumption does have price pressures on diesel. The results present the
demand for diesel, and the demand of wheat experiencing a common process, which is
likely economic expansion. Causality results show that wheat consumption Granger cause
the price of diesel, while the general increase in demand for fuels increases during
economic expansion and during the planting and harvest seasons. However, seasonal
demand is not continuous. These seasons are reported by the USDA as running March to
May, and July to September (NASS, pg. 30). This presents the fact that this finding is based
on a none continuous diesel demand, though having valid foundations. The finding needs
to be further qualified before applying the findings.
The final results of this table present the employment, and unemployment rates
impacts on the consumption of US wheat. Each Granger cause wheat consumption, and
achieve 99% confidence levels, and are accompanied by 8.4% explanatory powers for their
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respective elasticities. However, both variables are not co-integrated, meaning though
statistically significant, the impacts may be random, rather than continuous. This implies
that during a global demand shock driven by global or national economic expansions the
discontinuous price pressures will materialize. The elasticities present a positive
relationship with the employment rate, and a negative relationship with the unemployment
rate. The elasticities achieved are 1:48%, and 1:-1% respectively. These elasticities are
statistically significant, and their signs support common economic assumptions. These are
marginal results, with the expectation that there is potentially no influence in this study.

Figure 8 - Wheat Consumption Investigation
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Price Trend and Cyclical Time Series Analysis
The expansion of the research in this study includes the decomposition of time
series into their components, which are price trends, and cyclical components. The
decomposition allows for the potential price pressures, and potential contributors to the
price transfer mechanism to be further investigated at the price series’ component level.
The effort will provide clarification on potential price series components price pressures.
Understanding the price pressure influences, and the characteristics of those influences on
the components of a price series, allows for further understanding of the behavior of the
variable. Providing the ability to rule out indicator variables, which only co-move due to
common real price pressures that may not contribute to the potential price transfer
mechanism.
The method used to accomplish this task is the Stata, tsfilter cf command. The cf
represents the Christiano-Fitzgerald filter. The filter was configured for the minimum trend
period to be 2 months, the maximum trend was configured to be 39 months, and the
symmetric moving average was configured to 26 months. The outputs of the filter are the
price trend, and the cyclical component. These series are used to determine what if any
relationships exist within the components of the price series.
The price trends have been tested with a paired  test with α = .05, against the
original price series, and failed to reject the null hypothesis that there is no difference
between the original series, and the price trend output of the filter. These results are found
in appendix figure 10, on page 159.
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The cyclical components are
stationary

by

definition.

Each

cyclical component produced by the
filter was tested to establish the filter
did

produce

stationary

cyclical

components. In figure 9, the cyclical
components of crude oil, Cushing

Figure 9 - Cyclical Component Correlation; Highlighting Wheat
and Diesel

futures, and the price of US wheat are correlated. The correlations were ran with Bonferroni
corrections added to the calculations, which adjust to constrain type-1 errors. The cyclical
component of the US wheat price presents a moderately strong positive correlation to the
crude oil, and diesel variables, at the 99% confidence level. Adding another level of price
pressure evidence at the level of statistical association
These results indicate the price pressures of the energy on US wheat experience a
similar variance in price when price changes take place. The results support the elasticities
of crude oil to wheat price presented in appendix figure 1. The cyclical correlations of the
price of diesel to the crude oil variables cyclical components present a strong positive
correlation. Indicating the cyclical
components of the price of diesel,
and crude oil experience similar
variance in price when price
changes take place. These results
support the impacts on the price of

Figure 10 - Price Trend Correlation Highlighting Wheat and Diesel
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diesel presented in appendix figures 3 and 4, found on pages 138, and 143.
The price trends are used in two ways in this research. First, in graphic comparison
to analyze the face value relationships, and characteristics of the price trend. Second, as
trend stationary time series for use in statistical testing. In figure 10 above, the correlations
of the price trend components of crude oil, Cushing futures, and the price of US wheat are
correlated. The correlations were ran with Bonferroni corrections added to the calculations,
which adjust to constrain type-1 errors. All correlations to the price trend of the price of
US wheat achieves 99% confidence levels, with positive, moderately strong, to strong
relationships presented in the table. The strongest relationships are found in the world
average crude oil spot price, and the price of diesel with the price of wheat. The correlations
of the diesel price to the crude oil variables present strong positive relationships at the 99%
confidence level. These results support the impacts on the price of diesel presented in
appendix figures 3 and 4, found on pages 138, and 143.
The decomposition and correlations of the price series components have allowed
for the identification of statistical association between impactful variables, which have
been analyzed at the variable level in previous sections, with correlation analysis
identifying that there is a reason to investigate further into these relationships. It is expected
that unique statistical ties are present, which may identify a potential price transfer
mechanism. While investigating these early findings in the decomposition of the nonstationary price series, price trends, one relationship presented a nearly perfect correlation
and is presented below. Figure 11 below, presents a near perfect correlation of the Cushing
futures price trend, and the WTI spot price trend. Figure 12 below, presents a near perfect
correlation between the Cushing futures cyclical component and the WTI spot price
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cyclical component. The graphs present a
relationship that is highly related, and very
relevant to price pressures.
The comparison of the price trends in
the graph in figure 13 below, reveals face value
periods of co-movement of energy and wheat
Figure 11 - WTI & Cushing Futures Price Trends

price trends, as well as similar variance in the
price trends. There are two potential periods of
price co-movement: 1978 to 1987, 2006 to
2013. The graph appears to present common
variance

characteristics,

implying

market

forces may be more similar than dissimilar
between the markets.

Figure 12 - WTI & Cushing Futures Cyclical
Components

Figure 13 - Wheat, Crude Oil, and Diesel Price Trends
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The graph to the
right is of the price trends
correlation table in figure
10. In figure 14 to the
right,

is

graphical

evidence of the crude oil
bubble
took

period,
place

which
between

March to August of 2008,

Figure 14 - Wheat, Crude Oil, and Diesel Price Trends

as reported by Sanders &
Irwin (2011b). The graph presents the energy, and the wheat price trends peaking almost
at the same time. The significance of this observation is that the bubble in the US oil market
will have likely included Cushing futures, and the WTI spot markets. The graphs presented
above prove there was no divergence between the two markets during the period displayed
in the figure 14 above. This is significant because of the potential price pressures already
established from crude oil, and Cushing futures upon the price of diesel, and the price of
US wheat, which help to reveal that the price pressures of the crude oil bubble were likely
transferred to the US wheat market.
In figure 15 below, the corresponding cyclical components for the price trend
variables in figure 14 are presented. This graph presents similar characteristics among the
energy variables variance, with the wheat component presenting less similar variance. The
figure 15 graph presents the variables from the correlation table in figure 9.
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Figure 15 - Wheat, Crude Oil and Diesel Cyclical Components

Energy & Wheat, Price Trends, and Cyclical Components
The results presented thus far, present the consistent presence of the potential
impact of crude oil streams on the US wheat price, and the presence of price pressures on
wheat due to the price of diesel. In appendix figure 14 on page 165 the decomposition of
the price series of crude oil, the price of diesel, Cushing futures, and the US wheat price
relationships are presented. This expansion of analysis will further qualify the statistical
relationships between price trends, and cyclical components, in an effort to identify the
unique relationships, which have control of the price pressures of the price series. The table
is divided into two sections, the impact on wheat, and the impact on diesel.
Appendix figure 14 presents comparisons of co-integration, causality, and
elasticities for price trend, and cyclical component investigations of the relationships that
have an influence. Among them are six crude oil, Cushing futures, and diesel variables.
Price trends compared against the price trend of the US wheat price trend are co-integrated,
and 5 of 6 are found to be causal at 99% confidence levels, with Cushing futures the only
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crude oil variable that is not causal. The Cushing relationship is co-integrated at statistically
significant levels, and carries a statistically significant elasticity, presenting the relationship
shares a common process, but lacks the causal evidence, and explanatory power (6%), to
be a continuous price pressure. These results present four crude oil streams, which remain
as potential contributors to a potential price transfer mechanism.
The two largest price pressure contributors presented are the price trends for the
world average crude oil spot price, and the US FPP price. Each are co-integrated and causal
at 99% confidence levels. The elasticities are accompanied by 37%, and 19% explanatory
powers, and achieve elasticities of 1: 60%, and 1:39%. Presenting price pressures that have
potentially continuous price pressure impacts on the price of US wheat. The WTI spot price
trend also achieves price pressure status, but is constrained by an 8.6% explanatory power
and is accompanied by an elasticity of 1:33%, placing the WTI results under suspicion.
With 4 of 6 energy price trends established as having price pressure capability in
the relationship to the price trend of US wheat. The US wheat price trend presents as highly
susceptible to crude oil and diesel price trend price pressure influences. This evidence
further supports previous findings presented on the impacts on the US wheat price.
There are many statistically significant results presented in the US wheat price
cyclical component analysis section. However, only one relationship attains co-integration,
causality, and a statistically significant elasticity status. This relationship is the relationship
between the cyclical component of diesel, and the cyclical component of the US wheat
price. The relationship of the diesel price cyclical component achieves co-integration, and
causality at 99% confidence levels, and is accompanied by 13.6% explanatory power, and
an elasticity of 1: 35%. This presents the variation of the cyclical component of the price
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of diesel in a continuous, price pressure relationship with the cyclical component of the US
wheat price. This evidence establishes a second energy price pressure firmly in the mixture
of price pressures the US wheat price presents being susceptible to. This potentially
presents the none price trend price pressure for the crude oil to diesel price transfer
mechanism in this research. Because this is the only relationship, which attains statistical
significance in all three tests, further investigation is required to determine if this finding
is part of a price transfer mechanism.
The impacts of the crude oil and Cushing futures on the price of diesel present
results that support previous findings. The impact of the crude oil and Cushing futures price
trends on the price trend of diesel are co-integrated at or above the 95% confidence level,
and are causal at 99% confidence levels. All attain statistically significant elasticities
ranging from 1:57% to 1: 69%, presenting several price trend, price pressure possibilities
for the price of diesel.
This makes the price pressures of crude oil a real and potentially continuous impact
on the price trend of diesel. De Nicola, De Pace, & Hernandez (2016) reflect that
commodities that are close substitutes share common market information. This
characteristic of close substitutes is present in the small differences between the Brent and
the WTI streams presenting they are closely substitutable. This is based on the API gravity,
and sulfur content of the streams, which makes the streams close substitutes. The largest
responses thus far have been presented by the crude oil impacts on the price of diesel. The
co-integration results clarify the potential contributors to the price transfer mechanism
under investigation, and helps identify the difference between crude oil indicator variables,
and real price pressures that can be part of the price transfer mechanism.

62

The largest elasticity in these findings is that of the Cushing futures, which achieves
a 1:68% elasticity to the price trend of diesel. This presents the second largest influence of
the Cushing futures market on the price of diesel. The Cushing futures elasticity to the WTI
spot price is 1:68%. The Cushing impact presents potentially continuous impacts, which
indicate a role in the price influences that affect the cost of diesel.
The Cushing futures market
establishes prices for the WTI crude
oil market. The WTI market is
expected to have the most impact on
the price of diesel. Notice the
common price pressure variance in
the graph to the right. The face value

Figure 16 - WTI & Diesel Price Trends

evidence of the de-trended price trends in figure 16 above presents the implication that
there is much in common between the two de-trended price trends. Helping to establish,
the relationship appears robust. The question that remains is what structure do these price
pressures take in the price series components relationships.
The analysis on the crude oil cyclical components presents influences on the
cyclical component of the price of diesel, with all results being causal, and achieving
statistically significant elasticities. The two largest impacts are the elasticities that are also
co-integrated and causal. This occurs with the world average crude oil spot price cyclical
component, and the WTI spot price cyclical component, which carry explanatory powers
of 74% and 76%, and are accompanied by elasticities of 1:56% each. Firmly establishing
the price pressure impacts can be continuous and large on the cyclical component of the
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price of diesel. These ties of crude oil to the cyclical component of diesel, defines where
the cyclical pressures should originate, and presents the size of the potential price pressures
originating in the cyclical component price pressures of diesel.

Oil & Diesel Market Variance Impacts
The evidence presented by the variance at the variable level, in the price trends, and
cyclical components variance characteristics in the graphs above, present the possibility of
similar market variance, or cross-market co-variance. In order to investigate this
possibility, daily time series have been acquired for the Brent spot market, the WTI spot
market, the Cushing futures market, the Los Angeles diesel market, the New York diesel
market, and the Gulf coast diesel market. The daily series allow for the real variance of
price levels to account for the real market variance. The daily series present the full range
of price variation. This unique approach allows the central limit theorem to be satisfied for
each monthly standard deviation calculation in the series of variables being created.
Allowing for the assumption of normalcy to be met in the creation of the monthly standard
deviation, and variance series.
The daily time series variables were used to produce a business calendar based on
the S&P 500 dates for which there was data, with all dates where there was missing data
in the non-S&P series, being dropped from the business calendar. The series contained
2540 daily observations from 14 November 2006 to 22 August 2016. The series was then
de-trended using the Stata ‘tsfilter hp’ command to remove non-deterministic trends from
the daily data. These series were then used to generate monthly standard deviation series
for the 14 November 2006 to 22 August 2016 period.
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The market variance series allows for the testing of hypothesis of the existence of
cross-market co-variation. The investigation into this analysis is motivated by the common
characteristics of the graphs presented above, and graphs examined in preparation of this
research. The world benchmark crude oil, Brent, is the price setter of reference for over
60% of the world’s crude oil sales in the international crude oil market. Setting the
expectations that cross-market co-variance should take place, and is expected to be testable,
and quantifiable. The results of this investigation are presented in figure 17 below.
The results for the crude oil markets present co-integration of market variance at
the 99% confidence level. The results in appendix figure 15 present evidence of a common
process between the price variations in crude oil markets. This common process is expected
to be the differential price setting mechanism of the international crude oil market, based
on the Brent stream, with the differential price setting mechanism transferring a
proportional price level to those crude oil streams, which are priced in reference to the
world benchmark.
Granger causality is established at the 95% confidence levels and above, and are
presented in appendix figure 15 on page 168. These results present evidence of a linear bidirectional relationship being present, with statistical evidence of the ability of the markets
to have continuous and common price pressures. The markets also have price leading
characteristics proven by the Granger causality results. However, because of the
hierarchical structure of the international crude oil market, the bi-directional results are not
taken for granted. An investigation into crude oil pricing practices in the United Kingdom
would be necessary to validate the bi-directional relationships. These results may be
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nothing more than price level responses being presented in causality testing, making the
result miss-leading if applied prior to their being proven in further research.
Further evidence of the impact of market variance across markets, and the level of
the impacts are presented in the statistically significant bi-variate regressions reported
below. These are level-level regressions with the unit of measure a standard deviation. The
strongest bi-variate results are found in the markets of the WTI crude oil spot market, and
the Cushing futures market, with explanatory powers of 97%. The regression of this
relationship presents the Cushing futures market having a bigger impact on the WTI spot
market with an estimator of  = 1.038. Interpreted, as a standard deviation increase in the
variance of the Cushing futures price will create 1.038 standard deviations of price variance
in the WTI spot market. The WTI spot market reports  = .937, because the Cushing futures
market sets the expected price of WTI spot price, it is not expected that the WTI activity
presents a real bi-directional relationship.
In an attempt to validate the crude oil market variance results discussed above, an
OLS error correction regression was used to determine long run market variance
equilibrium, and short run market variance deviations from the long run for the period of
1960-2016. This expansion of analysis is being conducted in an effort to clarify real
relationships. Standard form elasticities can present statistically significant results,
however, they do not clarify the nature of the relationship, nor do they identify short-term
error in the elasticity.
All crude oil market variance relationships are found to have statistically significant
long run cross-market variance equilibriums. The only cross-market variation regression
to have a short run adjustment that is statistically significant, is the Cushing and WTI

66

relationship, where WTI is the explanatory variable, and achieves a  = 2.00, presenting a
short run correction to 1:94.8 standard deviations. However, due to the structure of the
market it is not expected this is a real bi-directional relationship. Results 1, 2, and 6 in
figure 17 below, have short run corrections that are statistically significant above the 90%
confidence level.
These relationships are WTI to Brent, Brent to WTI, and Brent to Cushing futures.
Their corrections factors are 2 = .115, 2 = .105, 2 = .129 respectively. Indicating the
short run corrections, achieving 90% confidence levels, have larger short run cross-market
variance, than the long-term cross-market variance equilibriums. This indicates short run
crude oil price volatility, in 4 out of 6 cross-market comparisons, have greater impacts than
the long run. Providing evidence, which potentially qualifies the effects of volatility in the
crude oil markets under review.

Figure 17 - Oil Market Variance Results

The findings also establish long run cross-market variance impacts ranging from
.725 to 1.048, interpreted as a one standard deviation change in the market of comparison
creating a .725 standard deviation change in crude oil prices to a 1.048 standard deviation
change in crude oil prices.
Interestingly, the hierarchy of the relationships based on explanatory powers of the
crude oil cross-market variance tests, presents the Brent North Sea crude oil and Cushing
futures having greater explanatory power than the Brent North Sea crude oil and WTI
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relationship. This mirrors the market structure of the international crude oil market, and the
use of Brent futures, and Cushing futures in the determination of spot prices. The Brent
North Sea blend is the world benchmark that sets 60% of the world prices (Carollo, pg.
124). This is the top level of price setting, which originates in the Brent futures market.
This activity takes place on a national level in the US, in the Cushing futures market. The
relationship between the WTI spot price and the Brent spot markets is a statistical
relationship, where the Brent futures and Cushing futures have a hierarchical relationship.
Compelled by the price trend graphs, cyclical component graphs, and the results
presented above regarding the cross-market variance equilibriums. Paired  tests of means,
using α = .05, have been used to determine if there are any market variance series which
are indistinguishable from other markets. These tests are presented below in in figure 18.
The

results

present

the

Brent

spot

and

Cushing

futures,

Figure 18 - Indistinguishable Crude Oil Variance Tests

and the Brent spot and WTI spot markets present insufficient evidence to reject the null
hypothesis that the mean variance of the series are different. However, the Cushing futures
and the WTI spot markets are distinguishable from one and other (figures 18 & 19). Alquist
and Kilian (2010), found that futures prices, though intended to be the predictor of spot oil
prices, have been found to be less accurate predictors of spot prices (pg. 370).
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Alquist and Kilian’s findings
may explain the lack of covariance found between the
market variance of the Cushing
futures, and the WTI spot
market. These findings also
support the structure of the

Figure 19 - Cushing Futures & WTI Market Variance Graph

international crude oil market pricing mechanism based on dated Brent rulings, which set
the benchmark for the differential pricing system worldwide. The international crude oil
pricing mechanism is further supported by price discovery in the Brent market, taking place
5 hours ahead New York Mercantile Exchange (NYMEX).
These findings further present the structure of the international crude oil market,
and the national crude oil market being differentiated from one and other. The result needs
to be verified by further statistical analysis. This matters because the Cushing and WTI
markets have differentiable cross-market variance, which presents the possibility of a more
complex price transfer mechanism controlling the price of diesel, and therefore the price
of US wheat. This issue is addressed in analysis presented in the remainder of the paper.
The hierarchical US market structure, which has been proven differentiable,
presents a potential price pressure path from the international crude oil market to the
national crude oil market, which has not been previously presented. The intention of this
research is to identify the connections between the markets. The ability to identify the price
series, price pressure connections between markets will allow for the price transfer
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mechanism, and the transfer of volatility to be further defined. Additionally, allowing for
the study of the influences of price transfer, and transfer of volatility to be further extended.
The same market variance analysis was carried out using Gulf coast diesel market
variance, New York diesel market variance, and Los Angeles diesel market variance to test
for cross-market variance impacts (figure 20). The diesel markets of Los Angeles, and New
York were presented in the error correction models as having statistically significant crossmarket long run variance equilibriums. Only the Los Angeles market impact on the New
York market variance presents a short run correction that is statistically significant. The
short run variance correction factor of .163 creates a short run impact on market variance
of 1:.826, or one standard deviation in the Los Angeles market, to a .826 standard deviation
change in price in the New York market. The error correction regression for this
relationship presented the New York market variance having a statistically significant
impact on the Los Angeles market variance. This finding was not expected based on the
bi-variate OLS regression presented in figure 20. The impact of the New York diesel
market variance in the long run presents a 1: .759 impact on the variance of the Los Angeles
Diesel market variance. The interpretation is a 1 standard deviation change in the New
York diesel market price, creates a .759 standard deviation change in the Los Angeles
diesel market price.

Figure 20 - Diesel Market Variance Results
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Testing for indistinguishable diesel market variance across markets presents the
Los Angeles Diesel market, and the New York diesel market as having distinguishable
market variance characteristics. Which appear to be explainable given the geospatial
location of crude oil streams available at lower transportation costs, and the pipeline
transfer

costs,

which

will

influence

the

regional

diesel

markets.

Figure 21 - Diesel Market Variance, Tests for Indistinguishable Variance

This finding appears to be supported in Horsnell, and Mabro’s findings of the WTI
market. The WTI spot price is determined through the price of the NYMEX light sweet
crude oil futures. Several streams of US crude oil are deliverable under the umbrella of the
WTI spot price, (Horsnell, and Mabro, pg. 226). Horsnell and Mabro further define the
issues, which can influence the diesel markets, finding that the price relationships in the
WTI market are driven by pipeline
logistics, (pg. 227-228). In figure 22
to the right, the map of US petroleum,
and

finished

products

pipeline,

refineries and Gulf coast oil wells
presents the current infrastructure.

Figure 22 - Petroleum Administration Defense Districts with
Refineries, Pipelines, Gulf Wells, and Petroleum Ports Map

The map presents the pipeline logistics, which create pricing differences in the pricing of
crude oil delivery within the WTI market (Horsnell, and Mabro, pg. 229). Horsnell and
Mabro reflect that pipeline logistics, or the level of pipeline transport costs incurred are
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driven by which of regional demand refiners are attempting to meet (pg. 228). These issues
will directly influence the costs of regional diesel prices. The issue is put into perspective
if we compare WTI crude oil going to Chicago from Cushing, Oklahoma, rather than going
to Kansas. In this example the distance from Cushing is very different, with the pipeline
transport costs including roughly 400 miles of increased pipeline transport, with the
transport of crude to Chicago having multiple transfer points prior to arriving at Chicago.
Each transfer to another pipeline increases the cost and logistical challenges.
Unfortunately, the lack of pipeline tariff cost information prevents the diesel cross-market
variance results from further interpretation.
The lack of supporting information for the interpretation of the diesel cross-market
analysis leaves a final question on the diesel cross-market variance results. Is there a
possible explanation offered in the relationships found in the data? In an effort to
distinguish possible explanations of the diesel cross-market variance impacts, stepwise
removal regressions were used with α = .1.
The results are presented in the tables in figures 23-25. The only potential ties
identified are the Los Angeles, and the New York diesel markets. Of note is the fact that
the Brent market is a much more expensive option for the Los Angeles diesel market, which
has easier access to Asian, Alaskan, Mexican, and California crude oil streams.

Figure 23 - Los Angeles Diesel Market Relationships
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The geospatial relationships in the stepwise regressions produce relevant
theoretical barriers to the inflows of crude oil to the markets in question. The Los Angeles
diesel market has a statistically significant relationship to Cushing futures prices, adding
to the support for the diesel cross-market variance results reported in figure 23 above. The
New York diesel market has a statistically significant relationship to the Brent Spot market
variance (figure 24).

Figure 24 - New York Diesel Market Relationships

Figure 25 - Gulf Coast Diesel Market Relationships

These results indicate the transportation barriers in the geospatial relationships are
found in the statistical results. These relationships should be present as a default, since
crude oil streams, which do not have large contributions to the regional markets should
have no explanatory power in the variance of daily price levels.
The results of the Gulf coast diesel market appear at first glance as having no
important role in the analysis (figure 25). However, in figure 26 below the pipeline and
refinery infrastructure in the brown section is the Gulf coast diesel market. Notice this
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market has the largest accumulation of petroleum infrastructure on the map. The results
above do not indicate there is no role for the Gulf coast market. On the contrary, as Horsnell
and Mabro (1994) reflect, the Gulf
coast market is the largest crude oil
import market in the US. The
difference between the three markets
in question is the flow of finished
products, and crude oil into those

Figure 26 - Petroleum Administration Defense Districts with
Refineries, Pipelines, Gulf Wells, and Petroleum Ports Map

markets. The gulf coast market contains the largest off shore crude oil production in the
US, and the largest crude oil producing state in the country, Texas. Giving the gulf coast
market the ability to have price pressures, and daily market variance which can be largely
controlled by the
costs of crude oil
production,
refining

and
costs

which are unique to

Figure 27 - Correlation of Monthly Market Variance Series (α=01)

that market. Notice in the correlation in figure 27 above, the gulf coast market has no
correlation value of statistical significance. If the hypothesis above is correct, with α = .99
in a stared and bonferroni corrected correlation, the gulf coast correlations should have
zero statistical value. In the correlation in figure 28, the correlations of the gulf coast diesel
to other diesel, and crude oil variance series in this research presents having less than 1%
statistical association with the other markets variance. This is significant because the lack
of correlation presents a key market, a market not lacking relevance.
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The gulf coast market is isolated from the rest of the WTI market by hundreds to
thousands of miles of petroleum, and finished products pipeline going to other markets.
Creating an induced price buffer between the pipeline destinations, in which the gulf coast
provides products
to

refiners,

and

blenders. This is
the explanation of
the diesel markets
Figure 28 - Correlation of Monthly Market Variance Series (α=99)

cross-market variance testing results as the infrastructure and results present. Due to the
infrastructure of WTI pipelines generally running south to north as Horsnell and Mabro
(1994) reflect. The following error correction regressions appear to have a pragmatic
foundation in presenting the role of the gulf coast market.

Figure 29 - Error Correction Investigation of Gulf Coast Diesel Relationships

Notice the short run impacts of the gulf coast market variance indicate the short run
has slightly more impact than the long run, with very little difference between the long run
equilibrium, and the short run corrections. The gulf coast presents having a 1:.92 and a
1:.95 standard deviations impact on the other diesel markets in the short run, presenting an
explanation, which has as its foundations in the pipeline infrastructure presented in figure
26 above.
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The last cross-market variance evidence for this section is presented in figure 30
below. The graph details the open interest levels of the CBOT wheat futures, CBOT
combined open interest
(long & short), and the
NYMEX

light

sweet

crude oil open interest.
The series are displayed in
percentage change. Notice
a

directional,

and
Figure 30 - Open Interest Graphs of Wheat and Light Sweet Crude Oil

magnitudinal

co-

movement of open interest in two distant markets, for two different unconnected
commodities. The common trends appear between 2008, and 2013. The graph is presented
as further evidence of interests, which present market participants shaping the direction of
markets, and potential impacts in the two markets during the period where co-movement
characteristics are present.

ECM Analysis of Findings
This section of the analysis combines findings from previous price series, and
component level analysis in an effort to seek further clarification about price transfer
activity. The goal of this analysis is to sort out potential real price transfer contributors
from the variables, and price series components from those, which are exposed to similar
price pressures, and only co-move.
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The results of ECM elasticity testing separates the long run, and the short run
impacts. There are 34 comparisons from previously presented tables, which are presented
in figure 34 below. The ECM analysis on the price of US wheat presents 3 of 8 relationships
being statistically significant. The statistically significant relationships are found in the
price of diesel influencing the price of wheat, the industrial production level, and the
impacts of the employment rate. All other crude oil crude oil and GDP per capita variables
are determined to have no short run or long run relationships at the variable level to the
price of wheat.
The level of industrial production achieves the largest explanatory power of 20.5%,
and presents a short run impact of 1:132% elasticity, indicating the short run impacts of
economic expansion can be large. The price of diesel and the unemployment rate do
achieve statistically significant long run equilibriums. The price of diesel achieves 20.5%
explanatory power, and a 1:52% long run elasticity equilibrium, presenting further
clarification on the impact of energy cost impacts on the cost of wheat. The employment
rate achieves a long run elasticity equilibrium of 1:-809%, the short run corrections create
a 1:467% elasticity, with an explanatory power of only 8.6%, constraining the potential
impacts.
These results present two statistically significant short run impacts that create
upward price pressures, while the long-term equilibriums each create opposing price
pressures on the price of wheat. However, since the employment rate explanatory power is
only 5.8%, while the price of diesel achieves 20% explanatory power, the impact of the
price of diesel will have greater impact than the contributions the rate of employment.
These findings support the realistic and commonly sighted price pressures of increased
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energy costs, and increased employment as the short run variable level impacts on the price
of wheat.
The next ECM analysis was conducted on the impacts on the consumption of wheat.
There are 5 of 7 comparisons that achieve long run equilibriums, and 3 which have short
run impacts. The variables that do not have a long run equilibrium or a short run
relationship are GDP per captia, and the industrial production levels. However, population,
employment levels, and demand for diesel all present long run elasticity equilibriums with
the consumption of wheat.
The strongest impact is the demand shifter, population with a long run elasticity
equilibrium of 1:20,286%, and is accompanied by a 21.8% explanatory power. This result
is difficult to qualify and requires further investigation before applying the result. However,
the result is interpreted as having a large positive impact on the price of wheat. While the
short run elasticity correction creates an impact of 1:10%. Presenting the short run
relationship has an applicable demand shifting result. The impact of the next demand
shifter, the number of employed, achieves an explanatory power of 8.7% with a 1:86%
long run equilibrium elasticity. This result is the smallest of the statistically significant
consumption results. The most explanatory results are the bi-directional relationship
between the consumption of wheat, and the demand for diesel. When wheat consumption
is the explanatory variable an R2 = .36 is achieved, and when the demand for diesel is the
explanatory variable an R2 = .31 is achieved. Establishing this bi-directional relationship
further are long run elasticity equilibriums of 1:700%, and 1:945% respectively, presenting
large impacts in the relationship.
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The wheat consumption numbers are from the supply side, and represent the
primary input sold prior to processing,
which

properly

establishes

the

relationship with the demand for
diesel. The only short run correction
presented in this relationship is the
short run equilibrium correction of
wheat sold for consumption and its
influence on the demand for diesel.

Figure 31 - Map: 2011 Wheat Acreage in red, with 2012
Population in orange.

This short run equilibrium correction increases the impact to 1:1146%. In an attempt to
qualify impacts presented the map in figure 31 above, contrasts the 2011 wheat acreage in
red, to the 2012 population in persons per square mile. The majority wheat acreage is found
in the least populated areas of the country.
The majority of the wheat is distributed to the most populated areas of the country.
This comparison frames the issues that constrains, and qualifies the interpretation of the
wheat demand, and diesel demand ECM results. Diesel demand will increase dramatically
where wheat is planted, and harvested. The distribution, of wheat will also have an impact
on the interpretations of these findings. Due to the frequency of the data being monthly
measures, the level of commercial events related to wheat movements can take place within
the same month as planting and harvest operations. If the study were based on weekly data,
the accumulated impacts of wheat movements on the demand for diesel is expected to be
less dramatic.
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The investigation into the findings continues in the price trends and cyclical
components of the price series. The investigation into the price trend impacts on the price
trend of wheat find four statistically significant relationships, which support previous
findings. The world average crude oil spot price, the US FPP price, Brent, and the WTI
spot price all survive with statistically significant relationships. Recall, the discussions
about pipeline transportation prices impacting diesel prices, and diesel market variance
analysis; where the Brent spot market has a small statistically significant impact on the
New York diesel market, and the Los Angeles diesel market has a slightly bigger impact
from Cushing futures. While the Gulf diesel market presents as a market that influences,
but is not influenced as indicated by the cross-market analysis.
The results reviewed above, allow
the qualification of the results of the world
average crude oil spot price, and the Brent
spot price on the price trend of US wheat.
Because the Brent spot price and WTI spot
price contribute to the price in the world

Figure 32 - Refineries, Petroleum Pipelines, Gulf Wells, with
a Land Cover Base Map

average crude oil spot price, the results present a conflicting outcome. Because the New
York diesel market presents statistically significant ties to the Brent market. Indicating that
the tie to Brent would affect regional wheat prices in the east, while wheat prices on the
west coast, would be tied to the Los Angeles diesel market’s ties to the Cushing futures
price. Leaving the short run relationship between the WTI price trend and the price trend
of US wheat, which is suspected of having its impact on the price trend of US wheat in the
mid-west. Where the Gulf coast, or WTI pipeline infrastructure is most heavily developed.
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Comparing the wheat and population map above in figure 31, to the map of petroleum
infrastructure in figure 32 above helps to frame the issue. It is observable that the geospatial
relationships of wheat production and WTI priced pipeline distribution allows for the WTI
price to have a major impact in the mid-west diesel, and in the mid-west wheat markets.
Energy Information Administration data provides an example of the qualification
of the results presented above. The gulf coast diesel production leads the country, and has
prior to 2005, been the largest producer of distillate No. 2 (the intermediate diesel form),
with the Mid-West market being the second largest producer of distillate No. 2, and fourth
is the East Coast market. The largest consumers of diesel is the Mid-West, second is the
East Coast, with the Gulf Coast switching between third and fourth largest consumer of
diesel fuel distillate. Presenting the levels of excess production from the Gulf Coast
petroleum infrastructure. The excess distillate is distributed through pipeline transportation
across the country. The largest difference in demand and regional production is found
taking place in the East Coast market. This example helps to put into context of the
comparison of diesel production, and diesel demand dispersed across the country through
pipeline infrastructure. Further, qualifying that where wheat operations take place will
determine which regional markets should be reviewed for demand pressures from wheat
production, which in turn reveals which markets supply intermediate products and
petroleum streams will affect price setting and price taking activities.
The price trend impacts on the price trend of the US wheat price present a long run
equilibrium of the US FPP price, with a long run elasticity equilibrium of 1:151%, which
is accompanied by an explanatory power of 20.8%. The relationship also has a short run
elasticity correction to 1:39%, presenting continuous price pressure impacts nationally.
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This result cannot be applied at the regional level in the analysis of diesel markets.
However, is expected to be supported in further analysis.
The Brent spot market price trend price pressures achieve long run elasticity
equilibriums, and short run corrections to the elasticity impacts, achieving a 9.6%
explanatory power, with long run elasticity equilibrium found at 1:-93%, accompanied by
a short run price trend elasticity correction of 1:29%. These results are similar to the WTI
spot price trend impacts on the price trend of US wheat, where only the short run elasticity
correction is statistically significant. The short run correction for WTI’s price trend impact
on the US wheat price trend is 1:83%. These impacts of these short run impacts of Brent,
and WTI, are likely taking place in two different pathways. First, Brent is the world
benchmark, which sets the price differential for worldwide crude oil pricing. The impact
of which will potentially create similar price series characteristics between the Brent, and
WTI. Second, the impact of the two crude oil streams will be determined by which stream
controls the majority of the volume of crude oil being refined in the regional markets.
Because of the diesel cross-market analysis results, it is expected that the Brent spot
price has a greater impact on the east coast. Figure 33 below, is presented to qualify the
long run elasticity equilibrium. The
graph presents a stochastic relationship
between the price of wheat and crude oil.
Wheat tends to have price variance
characteristics, which move in the same
direction as crude oil in short run
periods, while the long run presents

Figure 33 - De-Trended Crude Oil and Wheat Spot Prices
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larger price variance in the opposite direction. These observations help to clarify the results
for application of the long run equilibrium, and the short run corrections. Further
understanding of these relationships requires the addition of global demand. Which is
outside of the scope of this paper.
The next findings investigated with ECM elasticity regressions are the cyclical
price pressures of crude oil, on the cyclical components of US wheat and diesel. The three
impactful findings investigated are the cyclical impacts of the Brent spot price, the Cushing
futures price, and the cyclical component of the price of diesel. The ECM investigation has
clarified the explanatory power impacts for two of these relationships.
The crude oil relationships explanatory power doubled when the short run and the
long run were assessed. The ECM regressions with the cyclical components of the Brent
spot price, and Cushing futures having achieved an 11% explanatory power with long run
elasticity equilibriums of 1:2% with the price of wheat. Further clarifying the relationship
does exist with the cyclical component of the price of US wheat. The largest cyclical
component influencing the cyclical component of the US wheat price is the cyclical
component of diesel.
The diesel relationship presents only a 2% increase in the explanatory power
compared to the bi-variate regression previously presented. The relationship presents both
a long run elasticity equilibrium and short run corrections in this cyclical component
relationship. The long run elasticity equilibrium of 1:53%, and a short run elasticity
correction to 1:32%, presents a continuous price pressure impact. The short run equilibrium
correction is statistically significant at the 90% confidence level. The result further ties the
cyclical component of the price of diesel to the cyclical component of the price of US
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wheat. The implication of this finding further ties the international crude oil market price
variance, and net crude oil supply shocks to the price of US wheat.
The world average crude oil spot price, the Brent spot price, the WTI spot price,
and Cushing futures all present statistically significant ECM elasticity regression results,
in both price trend, and cyclical component relationships. Because the world average crude
oil spot price is a reference price and not a deliverable crude oil stream, the results for this
variable is not taken as having a price pressure impact. The results for the world average
crude oil spot price present a statistically significant long run and short run relationships
with the price trend of diesel.
The only statistically significant price trend impact on the price trend of diesel
outside of the world crude oil spot price trend is the price trend of the Brent spot market,
which presents a long run elasticity equilibrium of 1:-46%, and achieves a short run
elasticity correction of 1:61%. However, the FPP, WTI, and Cushing relationships only
present statistically significant short run elasticity corrections, of which, all are positive
relationships, with elasticities ranging from 1:83% to 1:107%. All of which have
comparatively similar explanatory power as the Brent spot price trend. Allowing the
observation that the Brent price trend impact can easily be neutralized. This appears a firm
observation with the Brent market variance only having one small relationship to the New
York diesel market. The largest US crude oil component having an impact in this section
is that of the WTI spot price trend on the price trend of diesel.
The cyclical component analysis using ECM regressions present significant
positive relationships in the long run, and in the short run. The world average crude oil spot
price continues to present a large relationship of world crude oil prices to the cyclical
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component of diesel, with the WTI spot price having the largest single explanatory power
of 85%, and is accompanied by a long run elasticity equilibrium of 1:25%, with a short run
elasticity correction to 1:61%. All other ECM regression explanatory powers range from
42% to 48%. Those crude oil cyclical components, which attain these explanatory powers,
have short run elasticity corrections of 5% to 6%. These findings leave the WTI spot price
impact as the largest single impact on the cyclical component of diesel, with a short run
elasticity correction of 1:61%. Firmly establishing the WTI priced crude oil streams have
the largest single impact on the cyclical component of the price of diesel. This potentially
presents the cyclical price pressure from crude oil on the cyclical component of diesel. An
overview of the ECM regression results are presented below in figure 34, for review.
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Figure 34 - Expanded Investigation of ECM Findings in Comparison to Previous Findings
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The Costs of Refining, and Crude Oil Costs of Diesel
In the final investigation the following are assessed, the costs of diesel per gallon,
the refinement costs per gallon, and the crude oil costs per gallon. All are investigated for
relationships with the cost of US wheat. The data for this investigation comes from the
EIA, and are presented on their website in table form. The table does not state, there is a
base year, in which real dollars are used, and the table does not state dollar values are in
nominal dollars. Presenting this section of the analysis provides insight, rather than firm
statistical evidence.
The inspection of the costs per gallon
compared to the cost of diesel present
extremely similar characteristics, and are
presented to the right in figure 35. The graph
presents face value findings of similar
variance characteristics between the price of
diesel, the cost of refining per gallon, and the

Figure 35 - Diesel, Refining cost per Gallon and Crude
Oil Costs per Gallon of Diesel

crude oil cost per gallon. This evidence
compels a closer look at the price trends, and
cyclical components of the costs of diesel per
gallon.
To the right in figure 36 are the price
trends for the price of diesel, the WTI spot
price, the refinement cost per gallon of diesel,
and the crude oil cost per gallon of diesel. The

Figure 36 - Price Trend Comparison of Diesel, WTI,
Refining Costs per Gallon of Diesel and Crude Oil Costs
per Gallon of Diesel
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graph again supports similar characteristics
indicating potential ties with the costs of
production, and compel further investigation.
The graph in figure 37, which presents
the cyclical components of the price of diesel,
the WTI spot price, the refining costs per
gallon, and crude oil costs per gallon of diesel.
The graph presents more variance among the

Figure 37 - De-Trended Costs of Wheat, the cost of
Refining per Gallon of Diesel, and the Crude Oil Cost of
Diesel per Gallon

cyclical components, than is presented in the
price trend components. Raising speculation
about the nature of the cyclical components.
However, the cyclical characteristics of the
price series present enough face value evidence
to investigate further.
In figure 39 below and to the right, the

Figure 38 - Cyclical Component Comparison of US
Wheat, Refining Costs per Gallon of Diesel and Crude
Oil Costs per Gallon of Diesel

price trends of wheat, the cost of refinement per
gallon of diesel, and the cost of crude oil per
gallon of diesel are presented. From the middle
of 2005 to middle of 2014 the price trends for
the three price series present at face value,
highly correlated relationships.
In figure 40 to the below and to the

Figure 39 - Price Trends of Wheat, the Refining cost
per Gallon of Diesel, and the Cost of Crude Oil per
Gallon of Diesel

right, are the same price series’ cyclical components. The cyclical components have much
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greater variation than do the price
trends. However, the graph presents
more variation between wheat, and the
price of refining, and the crude oil costs
per gallon of diesel. There is enough
face value evidence to warrant an
investigation into the cost per gallon of
diesel being tied to the cost of wheat.

Figure 40 - Cyclical Components of Wheat, Crude Oil and
Refining Costs per Gallon of Diesel

In figure 41 below, the results of co-integration, causality, and ECM regressions
are presented. Though the results show that only the refining costs per gallon of diesel are
co-integrated. The cost of crude oil and the cost of refining both Granger cause the US
wheat price. The ECM elasticity regressions identify statistically significant long run
elasticity equilibriums and short run elasticity corrections. The price of crude oil per gallon
presents the largest impact on the price of wheat, through the price pressure created on the
price trend of wheat. The characteristics found in the Brent, and WTI relationships to the
wheat price trend are present in costs of diesel per gallon. Specifically, the negative
relationship in the long run elasticity equilibrium presents a 1:-140% relationship, while
the short run, relationship presents 1:153% short run elasticity correction influencing the
price trend of wheat. This is true of both the cost of refining, and the cost of crude oil, both
of which have price levels driven by the cost of crude oil, and will have been generated by
the same demand price pressures.
The cyclical component of the US wheat price is also impacted by the cyclical
components of the cost of refining, and the cost of crude oil per gallon. The results of the
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error correction regressions present identical statistical relationships for both series. This
is potentially explained by the price of crude oil being refined being the largest component
of the costs of production. This may be explained by the EIA calculating a percentage cost
in preliminary numbers, which does not have survey data for refinery costs of refinement,
which are certain to vary widely. However, the structure of these relationships present new
findings. In the cyclical relationships, it is the short run elasticity correction that contains
a negative relationship which adjusts the short run elasticity to 1:34%, and when combined
with the short run elasticity corrections of the price trend relationships creates a combined
1:153% impact on the price of wheat. While the long run combined elasticity, equilibriums
would combine for a 1:-84% long run impact.
The combined long run equilibrium of the price trend and the cyclical components
presents an interesting and potential impact, which appears to be best qualified as a long
run result. Jacks (2013), reports on new definitions of the short, and long run for
commodities with the short-run lasting up to ten years. The medium run lasting 20-70
years, and the long run being longer than the medium run cycles, which are associated with
the commodity (Jacks, pg. 10). Jacks reports that with energy, and precious metals
combined into the weighting of commodity values, real commodity prices have increased
44% since 1959, and have gone down 4% between 1975 and 2013. This trend matches the
direction of the long run estimate in the regression under discussion. However, the data
from the EIA is not presented with the status of the monetary measure, whether real dollars,
or nominal. Meaning that research into Jacks nominal measures results may also be
necessary to reflect on the interpretation of this long run elasticity of 1:-84%. Jacks findings
on the value of production in 2011 present real commodity prices since 1900 have risen
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252%, with real commodity prices since 1950 having risen 191%, and real commodity
prices having risen 46% since 1975. This presents the ability for two interpretations of the
long run, with any further interpretation of the long run not possible until the status of the
EIA data is published. Leaving a declining trend in the long run of 70 years or more
matching the reported decline of commodity value of 1% per year, as the first possibility,
with the large value of production by comparison to 1900, making it possible to see the
trend indicated in the 1:-84% combined elasticity results being possible. A final qualifying
observation from Jacks report is that energy is a big winner, while soft commodities like
wheat, are the big losers. Further helping to place the lens of interpretation of this result,
indicating that crude oil and diesel will be up more often than wheat.
There is one other piece of information valuable for interpretation of these findings,
which is that the crude oil being refined will have been purchased months prior to refining
in many cases. Making the cost of crude oil being refined out of sync to some extent with
international crude oil prices, which may be one reason why the co-integration results for
the cost of crude oil per gallon did not achieve co-integration.
The interpretation of the long run impacts is based on the crude oil slate, which
refineries currently seek. If the crude oil slate which the refineries have their technology
set to process changes, the long run indications of this regression are likely to be altered.
Unfortunately, the preliminary data from the EIA constrains further interpretation, and
application of findings.
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Figure 41 - ECM Analysis of Costs per Gallon of Diesel

The findings presented in figure 41 above present the evidence that the costs of
diesel per gallon are statistically tied to the cost of wheat within the price trend, and cyclical
component of wheat. However, the nature of these relationships, and sign shifts are not
explainable within the confines of this study. Because this is new EIA data presented in
table form, and is not downloadable in a series format, the speculation about the validity
of the relationships will not be further investigated in this research. The outcome presented
is sufficient for the purposes of this investigation. To determine if this new EIA data
revealed connections of the costs per gallon of diesel to the price of US wheat. The results
present evidence that these connections do exist. Regardless of the foundations behind the
cost per gallon series, the face value and statistical evidence presents the assertion of the
existence of price pressures. These suspected price pressures need to be further investigated
once the EIA publishes a formally released series for the component costs of diesel.

92

Results
The foundational relationships, which drive price pressures of interest in this
research, are GDP per capita, and the industrial production levels. This relationship
presents evidence of a stable strong relationship of 24 years growing stronger over time.

Figure 42 - GDP per Capita and Industrial Production ECM Regression

The GDP per capita and industrial production level relationships are presented
above in figure 42. The impact of GDP per capita in the long run attained a 1: 132%
elasticity equilibrium, and a short run elasticity of 1:172%. This presents the first evidence
of short-term volatility created by the demand driven conditions found in the short run
elasticity correction of GDP per capita to industrial production. Additionally, the industrial
production impact on GDP per capita creates a long run elasticity equilibrium impact of
1:41%, with short run corrections to 1:50%. Thus, these are the proportions of economic
expansion, which drives the primary price pressures within the US economy. These results
present short increases of GDP per capita capable of creating short-term surges influencing
demand.
In an effort to clarify the PMI role, the following results present the impact on
industrial production in the short run having an elasticity correction to 1:-1%. Presenting a
marginalized impact, which is easily neutralized by the impacts of expanding GDP. This
result may be of importance in a study of the relationship between the expansion of
purchasing and industrial production, specifically during low levels of production. Because
the implication in these results suggests in the long run, PMI may challenge lower levels
of industrial production growth. These results are displayed in figure 43.
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Figure 43 - ECM Regression of PMI and Industrial Production

The impacts of GDP per captia, the level of industrial production, and Cushing
futures have each presented impacts on the demand for diesel. GDP per capita retains its
position as a stronger driver, now for the demand of diesel, between GDP per capita, and
industrial production. Figure 44 below presents the ECM elasticity results for those
variables in the expanded elasticity study, which indicated an impact on the demand for
diesel. The Cushing futures price trend has an impact on demand for diesel through the
future crude oil delivery. The results presented below, present Cushing futures has a
statistically significant role in the demand for diesel, while the role of GDP per capita

Figure 44 - Influences on the Demand for Diesel

and industrial production present larger continuous short run roles that are not impacted by
a long run equilibrium. The impacts of the GDP per capita and industrial production’s
contributions will overwhelm the Cushing futures influence in the short run. In the long
run the Cushing futures price trend elasticity equilibrium is the only long run equilibrium.
Because the impacts of GDP per capita and industrial production are only short run
influences, the Cushing futures price trend controls the long run, with an elasticity
equilibrium of 1:52%. The long run elasticity equilibrium presents the opportunity for
diesel demand to be impacted positively as WTI crude oil deliveries materialize in the long
run impacts from Cushing futures demand.
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There are impacts of GDP per capita, and the levels of industrial production on the
Cushing futures market. In figure 45 below, the impacts in the Cushing futures market are
demand driven by GDP per capita, then industrial production levels in the long run.

Figure 45 - Influences on Cushing Futures

GDP per capita has no statistically significant short run influence, while industrial
production holds a 1:356% short run elasticity correction, revealing that the short run
impacts are driven by the demand driven industrial production levels. In the long run, GDP
per capita has the greater impact, both variables have large long run positive impacts, which
indicate economic expansion has considerable impacts on the Cushing futures market. This
finding supports Mork’s correlation of the growth of GNP to increased energy prices.
The impacts of Cushing futures on the downstream market, which is crude oil
acquisition, and finished fuels are surprising, and are supported by the market variance
testing presented in the analytical results section of this thesis. The impacts of the Cushing
futures market on the WTI spot market present positive short run and long run elasticities,

Figure 46 - Influences on the WTI Spot Price and the Price of Diesel

as presented in figure 46 above. In the short-run, the Cushing futures elasticity correction
presents an elasticity of 1:6% on the spot price of WTI. Presenting the possibility that there
is another short run price pressure influencing the WTI spot market.
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Cushing futures has a long run elasticity equilibrium of 1:53% with the WTI spot
market. However, as reported above, the short-run elasticity correction presents an impact
from the Brent spot price, of 1:94% with the WTI spot market. This reveals the major
impacts in the WTI spot market are not fully tied to the Cushing futures market. This
finding is supported by evidence from the testing for indistinguishable market variance in
figure 18 on page 68. Where the Cushing futures market variance and the WTI spot market
variance test results rejected the null hypothesis, that the two series were indistinguishable.
This finding supports the presence of a large price pressure coming from another market
other than the Cushing futures market.
The price of diesel appears to experience large and continuous price influences
from all crude oil elasticities. All crude oil streams are found to be co-integrated, and causal
of the price of diesel. Providing evidence of the potential price pressure impacts from
multiple crude oil streams in the pragmatic composition of refinery crude oil stocks used
in the production of the finished products delivered to market. The impacts of the relevant
crude oil streams on the price of diesel are presented in figure 47 below.

Figure 47 - Diesel Price Regression

The OLS diesel price regression presented above, presents statistically significant
price pressure from the WTI spot market. The refinery acquisition cost of imported crude
oil, and the US oil company FPP price do not present statistically significant relationships
with the price of diesel. ECM elasticity regression results below present statistically
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significant long run, and short-run elasticity influences at the variable level of analysis, and
is presented in figure 48.

Figure 48 - Diesel Explained by the WTI Spot Price

The long run equilibrium presents an elasticity of 1:24%, with a short-run elasticity
correction of 1:63%. These results present significant short-run price pressures on the price
of diesel at the variable level of analysis, and significant short run volatility. Because the
analyses has shown the WTI spot price to have the only statistically significant relationship
with the price of diesel, it is possible to easily discover the possible price trend, and cyclical
component, price pressure impacts.

Figure 49 - Component Level of the Price of Diesel Explained by the WTI Spot Price

The ECM elasticity results above, for the price trends of the WTI spot market, and
diesel present a short-run elasticity correction of 1:70% impacting the price trend of diesel,
with no long-run elasticity altering the short run. However, notice the cyclical component
of the WTI spot market presents a long-run elasticity equilibrium of 1:25%, with a shortrun elasticity correction of 1:61%, which again presents greater short run volatility. Both
price trend and the cyclical components present ties of the WTI spot market to the price
series components of the price of diesel, further establishing the crude oil to diesel link
relevant in this research.
The foundational relationships, which drives price pressures of crude oil, and diesel
in this research, are GDP per capita, and industrial production. The impact of these
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variables on the price of US wheat have distinctly different roles. GDP per capita has no
role in the price pressures, which influence the US wheat price. Below in figure 50 the
industrial production level does present a short-run elasticity correction of 1:132% price
pressure impact. Thus presenting a single impact of economic expansion creating price
pressures on the US wheat price, with large short run implications. However, with no long
run influence, the short run volatility appears to be ensured and continuous.

Figure 50 - ECM Wheat Price Regressions Based on Economic Expansion

The statistically significant potential price pressure impacts on the price of wheat
at the variable level are presented below. These relationships were identified in the ECM
analysis presented in the analytical results section. These relationships present three long
run, and three short-run potential price pressures.

Figure 51 - US Wheat Price Regression, OLS ECM Robust

The potential price pressures presented above, achieved statistical significance in
the US wheat price OLS regression reported below in figure 52. The largest impact
presented in the results of this regression are the demand shifter of the employment rate
achieving an elasticity of 1:290%. Support for this finding is found in Janzen, Carter,
Smith, & Adjemian (2014), who reported the wheat price spikes were demand driven
events from 1991-2011. Establishing employment’s role in the wheat price spike prior to
the Great Recession. The wheat producer price index, is presented as a proxy for the cost
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of production, which achieved a short run elasticity correction to 1:49% elasticity. Record
high fuels, and fertilizer costs influenced the wheat producer price index during this period.
The impact of the price of diesel presents a 1:17% elasticity, while appearing modest in
this regression of the price of wheat, the costs of fuel was the most costly component and
has a continuous price pressure.
The final result in the regression below is the industrial production result. The ECM
elasticity regression results presented above indicated relationships to be expected. The
sign changes on the contributions of the employment rate and the industrial production
level are expected. However, the regression presents a relevant discussion, because wheat
is in the commodity losers group reported by Jacks (2013), with energy found to be in the
commodity winners group. This further explains the sign of the growth of industrial
production indicating that while industrial production is growing, asserting upward price
pressure on crude oil as GNP grows, the US wheat price is generally decreasing in price.
Keep in mind that industrial production increases have been identified to increase demand
for wheat, which will happen as the number of employed in the labor force increases with
the growth of industrial production. However, there are only small periods of positive
correlation between the price of wheat and energy that appear to occur during global, and,
or national demand shocks.
Another issue in this discussion is found in the price setting for wheat as the new
planting season’s contracts materialize. The costs of production will be the major portion
of the price structure in the contracts for wheat. However, post-harvest the price of wheat
will vary as driven by demand, and the continuous need for diesel as a cost of doing
business.
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This is further illustrated by the results of Janzen, Carter, Smith, & Adjemian
(2014), who found demand driven price spikes had been the cause of wheat price spikes.
The data in the regression presented below is based on 265 monthly observations, or 22
years of data, beginning in April of 1994. Allowing the perspective of Janzen, Carter,
Smith, & Adjemian to apply to the interpretation of this regression, these findings further
support the weak result for the wheat producer price index, and the large unexpected
performance of the employment rate during a period of large economic expansion drove
demand. Janzen, Carter, Smith, & Adjemian’s findings of global demand being the cause
for co-movements in commodity prices, and that real economic activity was the cause of
wheat price spikes from 1991-2011; further supports the impact of employment in this
regression (pg. iiii).
Trostle (2011) reports that during the 2002-2008, and 2010-2011 food price spikes,
markets were experiencing growing demand, while at the same time experiencing
tightening of commodity stocks; those commodities that experienced the largest price
spikes were wheat, rice, and vegetable oils. This sets the perspective used to qualify the
results of the regression results below (Trostle, pg. 4). The wheat price spikes during this
period were driven by demand, while industrial production presents negative relationships
to the price of wheat, until demand shocks take wheat and economic expansion in the same
direction.

Figure 52 - US Wheat Price Regression, OLS Robust
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In WRS-1103, Trostle (2011) cites the following long run price pressures: 1)
Population increase, 2) per capita incomes increasing, 3) depreciation of the USD, and
therefore increased purchasing power in foreign currencies, 4) increased energy prices, and
5) raw commodity stock levels decreasing worldwide because of slower growth in
agricultural production. In the short-run, contributions to the increase in food prices are
low stocks of commodities, and decreasing, low world commodity reserves, with 20052007, and 2010-2011 containing weather shocks (Trostle, 2011). My findings add to these
shocks and provide statistically significant evidence of there being both short run, and long
run impacts from energy costs affecting the cost of food, through diesel. As presented
below in figure 53.

Figure 53 - ECM Regressions; Explaining the Component Level of Price Pressures

The ECM elasticity results presented above present one long-run elasticity
equilibrium between the cyclical components of WTI, and diesel of 1:25%. This single
long run elasticity equilibrium takes place in the cyclical component of the price of diesel,
which itself, presents the majority of its variance tied to the Brent spot price cyclical
variance through the WTI spot price. This presents the long run transferred variance from
the Brent spot market, while the short run elasticity correction for the WTI cyclical
component is 1:64%, which is accompanied by a WTI short run price trend elasticity
impact on the price trend of diesel of 1:70%. Presenting two large price pressures tied to
the price series components of the diesel price series. These larger price pressures
influencing the price series components of the price of diesel are the short run pressures
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surfacing again with greater volatility. The controlling price pressures of the WTI price
trend has been influenced heavily by the Cushing futures price trend as presented above.
The findings of the last two regressions present the causal link that ties the crude
oil bubble evidence, through the price transfer mechanism to the price of US wheat, with
the final connection taking place through the price of diesel. This observation is constrained
to the small amount of time the crude oil bubble was reported to have existed (March to
August 2008).

Figure 54 - Wheat Consumption ECM Regressions

The impacts on the consumption of wheat present the traditional demand shifters
having statistically significant relationships with consumption. The results of the error
correction regressions above have presented clarifying evidence on the roles of population
and the number of employed, producing two long-run elasticity equilibriums, and one
short-run equilibrium correction presented above in figure 54. The impact of population
produces a short-run elasticity correction of 1:1015%, with a long-run elasticity
equilibrium of 1:20,286%, while the level of employment in the labor force presents an
elasticity equilibrium of 1:86%. The results need to be further qualified prior to their
application. However, the statistical results show a large influence on demand for wheat
through the traditional knowledge of expected demand shifters.
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Figure 55 - Log-Log Regression Explaining Wheat Consumption

The results presented in figure 55 above are based on a quarterly USDA series,
transformed into a monthly series, with the consumption numbers coming from the supply
side, representing movements of the raw non-processed commodity. As a result, these
numbers do not contain the statistical characteristics of a monthly series, and are expected
to have dampened regression results. However, the evidence in the regression results above
supports the increases in population and the increase of the labor force as having impacts
on either the materialized demand, or expected demand on the supply side of wheat
movements in the US. This further supports previous findings. However, these OLS
regression results need to be further clarified prior to their application.
The analysis of cross-market variance presents indistinguishable cross-market
crude oil variance findings. Interpreted within the structure of the international crude oil
market, and WTI market, the results support the market structure that has been presented
in this paper.
All crude oil market variance relationships are found to have statistically significant
long run cross-market variance equilibriums with the world benchmark (figure 17). The
short run corrections presented by ECM regressions indicate larger short run cross-market
variance, than the long-run cross-market variance equilibriums. This indicates short run
crude oil price volatility, in 4 out of 6 cross-market comparisons, that have greater impacts
than the long run and further establishes short run volatility being greater than long run.
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Within the hierarchy of the international crude oil market, the Brent market
variance presents a significant impact on the variance of the Cushing futures market.
However, the impact of the Brent market variance in the statistical relationship with the
WTI market variance presents a larger impact in both the short-run and the long run.
Indicating that within the WTI spot market the world benchmark appears to have a greater
impact than the Cushing futures market at the variable level of analysis. Both of the
following regression results in figure 56 support these observations.

Figure 56 - Brent Spot Market Price Variance Influence in the US Crude Oil Market

In the regression results presented below, the statistically significant impacts of the
Cushing futures and the Brent spot price rulings present supporting evidence for the
observation of the world benchmark having greater influence in the WTI spot market,
compared to the Cushing futures market. This finding further establishes a true hierarchical
price pressure may not exist, because we have evidence of two price pressure influences in
the WTI spot market. The influences from the Brent market on the price of diesel are
statistically significant with a larger short run volatility.

Figure 57 - Influences on The WTI Spot Price and The Price of Diesel

The results in figure 57 above are further supported, by the results of tests for
indistinguishable market variance presented in figure 58 below. These tests were conducted
to identify cross-market variance characteristics, in an effort to determine the structure of
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the price pressure paths, and to determine that cross-market variance takes place. This was
accomplished through paired  tests of means using α = .05, which has been used to
determine if there are any market variance series which are indistinguishable from other
markets. The Cushing futures and the Brent markets’ variance has distinctly different
relationships

with

the

WTI

spot

market

variance.

Figure 58 - Primary Crude Oil Markets Tested for Indistinguishable Market Variance

This finding presents the Brent spot market variance having indistinguishable
market variance from the WTI spot price. The evidence revealed through previous ECM
elasticity regressions presents the price pressures from the Brent spot market, influencing
the WTI spot market is further supported by the tests for indistinguishable market variance.
The results of further price pressure ECM elasticity regressions on the WTI spot market
are presented in figure 59 below. The regressions present a case for price pressures from
Cushing futures, and from the Brent price rulings on the WTI spot price.

Figure 59 - International Crude Oil Market Price Pressure Influences

The cyclical impacts of the Cushing futures present the smallest impact presented
on the WTI price series components. However, the short-run Cushing price trend elasticity
correction achieves a price trend impact of 1:95%, with a long-run elasticity equilibrium
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of 1:149%, presenting the single largest price pressure in the WTI price series price trend
from the Cushing futures price trend. The Brent cyclical component presents a short run
elasticity correction of 1: 1:97%, and 1:87% long run elasticity equilibrium with the
cyclical component of the WTI spot price. These results further demonstrate the level of
price pressure volatility from the Brent market on the WTI spot price variance.
Additionally, 97% of the volatility of the Brent price rulings was found to be strongly
explanatory at an R2 = .95. The Brent spot price trend has a 1:88% short-run elasticity
correction, and a long-run elasticity equilibrium of 1:89%. This presents Brent having more
control of the WTI cyclical performance and the Cushing futures have greater control of
the WTI price trend. Interestingly, the Brent variance in the cyclical component appears to
be the factor weighting the regressions presented above, in which the more of the WTI
variance is explained by the variance in the Brent spot cyclical component, and the Brent
market variance.

Figure 60 - WTI Spot Price Cyclical Component, Price Pressures Regression

In an effort to identify, which price pressure has had greater price pressure influence
on the WTI spot market components, OLS regressions were ran to identify the source of
the dominant price pressures. In the results presented in figure 60 above, the Brent spot
price cyclical component has the significant price leadership role. While in the results
presented in figure 61 below the Cushing futures price trend attains the significant price
pressure role in the price trend for the WTI spot market.
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Figure 61 - WTI Spot Price Trend, Price Pressures

These findings help clarify results presented previously, in which Cushing futures
had less ability to explain the WTI spot price variance. The Brent spot price achieved an
explanatory power of 96% (figure 57) in its ability to explain the variance of price levels
found in the WTI spot price, these findings present the observation that the cyclical
influence of the Brent price series creates more price level variance than does the Cushing
futures price trend. This observation is supported by the tests of cross-market variance,
which found the Brent market variance to be indistinguishable from the Cushing futures,
and the WTI markets. However, the Cushing futures and WTI markets had distinguishable
market variance that separated the two markets variance characteristics, allowing the
deduction that the Brent spot market heavily influences the market variance in the WTI
market.

Figure 62 - WTI Spot Price, Component Level, Price Pressures from the International Crude Oil Market Structure

In the OLS regression of the WTI spot price pressures presented in figure 62 above.
The Brent spot price and the Cushing futures price series components present results that
meet expectations, which previous regression results support, in which the Cushing futures
present the largest impact on the WTI price trend. Next, the Cushing futures cyclical
component has little impact on the price of the WTI spot price cyclical component, while
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the Brent cyclical component presents being the main cyclical influence on the price of the
WTI spot market. This regression is the third regression presenting the findings that the
Brent market has a greater influence on WTI variance through the cyclical components.
The impact on the WTI price trend from the Brent price trend at first glance looks
unexpected. However, Brent is a lower grade crude oil than are the WTI streams. This
creates a situation where Brent normally has the lower price. Thereby creating the negative
relationship in the regression. This negative relationship is expected to only influence the
price pressures when the Brent stream becomes a large enough proportion of total imports
to facilitate the negative relationship decreasing prices. This is expected to take place more
commonly in the Gulf coast crude oil market, which Horsnell and Mabro determined to be
the largest crude oil import market in the US (pg. 241). One question remains, how did
regression results present the Brent spot price as having more control over the WTI spot
price at the variable level?

Figure 63 - Cushing Futures Explained by the World Benchmark Crude Oil, Brent

The analysis of cross-market variance presented indistinguishable market variance
between the Brent spot market and the Cushing futures market. In the OLS regression
results above the explanatory power of the Brent price series components achieves 87%,
with the cyclical component, and the price trend component able to present very strong
elasticities of 1:92.9%, and 1:85.1% respectively. These results present large price pressure
impacts, which are supported by multi-variate elasticity results in figure 63 above. These
regression results support the world benchmark cross-market variance relationship having
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a strong impact on the price of Cushing futures. Thus clarifying the earlier regression
results, which presented Brent having greater impacts on the WTI spot price than does the
Cushing futures.
There is another reason for the Brent price series having greater impact on the
variance of the WTI spot price, than the Cushing futures price series. This explanation is
found in the characteristics of the price series components of the price trend, and cyclical
components. The price trends are smooth stable trends, which are moving average, or
autoregressive processes, which normally in I (d) processes, which do not return to a mean
of zero, presenting very little price level variance from the characteristics of the price trend.
Additionally, the cyclical component of the price series oscillates around the price trend
and is responsible for the majority of the variance of the price series. This is the case with
the Brent spot price cyclical component being able to pass on as much of 97% of the
variance in price levels in the Brent market to the WTI price series. Further illustrating the
impact of the Brent influence in the price transfer mechanism is the impacts of the Brent
price series hierarchical relationship to the Cushing futures market presented on the
previous page, which presents a very large ability of the world benchmark crude oil to
explain almost all the Cushing futures market variance. Because the regression is based on
the world crude oil benchmark within the international crude oil market structure, and
because the international crude oil market structure has been proven through market
variance analysis, the regression presented on the previous page is taken as real.
The price pressure mechanism presented above is a complex and stratified set of
relationships, which present the price transfer mechanism tying crude oil to diesel, and
diesel to wheat. Within the price transfer mechanism, the pressures of the world benchmark
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crude oil, Brent, is statistically linked to the Cushing futures market hierarchically, and
directly linked to the cyclical component of the WTI spot market. The WTI spot market
was proven the only link to the US diesel price in the price transfer mechanism. The
completion of the price transfer mechanism is found in the price series component links to
the US wheat price, where the cost of production has a strong annual price setting presence
in the cost of wheat. However, the price of diesel presents a continuous and co-integrated
and Granger caused price pressure on the price of US wheat. This is the last linkage in the
price transfer mechanism from crude oil to wheat.

Discussion
Crude Oil and Agricultural Commodities
I have presented evidence of a price transfer mechanism, which during periods of
economic expansion experiences higher price cycles that enhance the impact of the
mechanism. The price transfer mechanism becomes more capable of transmitting volatility
as greater demand materializes, and as shocks to markets take place. Below is a discussion
of outcomes of my research, compared to literature used in this thesis.
During the 1986-2016 period, Nazlioglu et al., reports volatility spillover from
crude oil prices to wheat prices (pg. 6). My findings present a price transfer mechanism,
which is a sequence of price series linkages of the benchmark crude oil, Brent, to both the
WTI crude oil market and the Cushing futures markets, with the WTI spot price connected
to and transferring price levels to the price of diesel, and volatility of crude oil into the
price of US wheat. The impact of US diesel has greater long run ECM elasticity influences
on wheat in the price transfer mechanism than does crude oil, because of its role in the
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price structure of wheat. The price pressures of diesel are presented below in error
correction regression results in figure 64 below, which present a 1:69% short run elasticity
with the price of wheat, induced by the price trend of diesel. The long run cyclical impact
of diesel presents a 1:57% ECM elasticity impact on the price of wheat.

Figure 64 - Wheat Price Regressions at the Component Level

Diesel achieves a continuous price pressure influence compared to the price of
wheat production, and presents being stable results across all periods previously presented.
The research of Nazlioglu et al., report crude oil price shocks lasting about one month in
the US wheat market. The short run elasticity corrections reported above, present the
existence of large short run impacts from the crude oil to diesel relationship in the monthly
periodicity used in this study. Implying that volatility spillover events smaller than one
month are filtered out in my research. Volatility events, greater than a month transferred
through the price transfer mechanism identified in my research.
The presence of large-scale linear co-integration was identified in my research. The
common processes, which are believed to be causal in the co-integration testing is
economic expansion driving demand, and perceived risk. Gozgor, and Kablamaci (2014),
present having found in 20 of 27 agricultural commodities they researched were impacted
by increased risk (pg. 340). The large-scale co-integration of crude oil to wheat supports
the Gozgor and Kablamaci findings, of significant co-integration between crude oil, and
agricultural commodities (pg. 338). My findings further support the findings of Gozgor
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and Kablamaci, regarding the US wheat market and multiple streams of crude oil used in
my research.
The linear Granger causality, and ECM regression evidence does present both long
run, and short run relationships proven to Granger cause the relationships between crude
oil, diesel, and wheat. Kapusuzoglu, and Ulusoy (2015), did not find long run evidence.
However, they did find Granger causality evidence of the Brent market Granger causing
the WTI market prices in the short run (pg. 410, pg. 419). My research supports the Granger
causality findings of Kapusuzoglu and Ulusoy, and further establishes the causal linkages
within the market structures, and price pressures within the price series themselves. Further
showing that the world benchmark crude oil has direct impacts on both the Cushing futures
market, and the WTI spot market. These findings present a sequence of relationships,
which create the price transfer mechanism.
The price transfer mechanism presents as robust with co-integrated and causal
relationships, supporting findings of continuous price leadership roles found within the
price transfer mechanism at the price series and component level of analysis for crude oil,
diesel, and wheat. Further, Kapusuzoglu and Ulusoy find that crude oil has an important
role in price discovery of wheat. This finding supports the price pressures from diesel,
which I identify as having a more continuous price pressure than the costs of production
(pg. 419).
Reflections on the analysis of the US wheat price and potential recommendations
are: 1) for the policy maker, increase government wheat stocks more often when both the
price trend and the cyclical trend have troughed. This is when Ag will need the support. 2)
For the investor, in a CIT or Agricultural index fund, or specifically wheat... balance your
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risk with a commodity, which runs counter to wheat on similar cycles. 3) For the farmer,
when the price trend and the cyclical component of the US wheat price has troughed...
plant; the price always goes up, and it goes up for 2-3 years per cycle. 4) For the country,
and or NGO managing wheat stocks, buy when both the price trend, and the cyclical
component are both troughed. These are recommendations, which arise from the following
graph in figure 65. The recommendations are based on the fact that, the price trends will
be as demand driven economic expansion creates in the markets. However, the price series
components carry information that is much more informative for timing, and strategy.

Figure 65 - Component Level Graph of Wheat and Crude Oil Components

The US Wheat Market, Price Spikes, and Factors Affecting Food Prices
My analysis concludes that though the US wheat market has been found to have
been free of price bubbles prior to the Great Recession, the price transfer mechanism was
capable of transmitting the crude oil bubble impacts to the US wheat market. This impact
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and the price transfer mechanism itself will have enhanced the demand driven price spikes.
Therefore, the price transfer mechanism will have contributed to food price increases.
The price pressure influences of crude oil, to diesel, to wheat linkages proven in
my research support the findings of Baek, and Koo who tied energy price pressure impacts
from 1989-2008 in the long run to agriculture, are also found in my research (pg. 317).
However, I find the short run evidence supports energy price impacts on the price of US
wheat, at the variable level of analysis, and at the price series, component level of analysis.
Baek and Koo present evidence that food markets do not influence crude oil markets (pg.
313). Their findings reject the linear bi-directional findings of wheat to crude oil, and wheat
to diesel that I find in my investigation. This is an expected finding, because it reflects the
reality of the wheat markets not having a role in the cost of production of crude oil, or fuels.
However, wheat production will have a role in regional demand for diesel, which refineries
will attempt to meet. The appearance of the bi-directional results found in my research are
taken as implying the response of the wheat markets to crude oil and fuels markets may
indeed be happening as fast, or faster than Baek, and Koo present.
My findings support the strengthening of price pressures reported in USDA
research in WRS-1103, as reported by Trostle (2011a). In which reported yields had
decreased from 1990-2007, with decreases in planted acreages occurring worldwide (pg.
5). While agricultural prices were impacted by higher energy costs (Trostle, pgs. 5-6). The
issue of weather shocks reducing stocks of commodities also escalated price levels, with
the largest single impact on this research having been the large global demand, which
preceded the Great Recession (Trostle, pg. 6). The price pressures from the price transfer
mechanism will have further escalated the transfer of price levels, during the period of the
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shocks Trostle presents, which would have further escalated worldwide food and
commodity costs.
In the study of wheat price spikes from 1991-2011, Janzen, Carter, Smith, &
Adjemian (2014) found market shocks impacting supply and demand were the dominant
cause of the 2006-2007 wheat price spike (pg. iiii). These findings provide support for the
common processes suspected in my research, such as economic expansion, and perceived
risk during the price spikes. The researchers found that global macroeconomic fluctuations
were associated with the demand shocks (Janzen, Carter, Smith, & Adjemian, pg. i). These
findings present the foundations of economic expansion through which the growth of GDP
per capita and the growth of industrial production are found to be the appropriate causes of
demand pressures driving the price transfer from crude oil prices, to diesel prices, to wheat
prices. Further evidence from Janzen, Carter, Smith, & Adjemian specify real economic
activity accounted for most of the wheat price spike from 2009-2011 (pg. v). My research
supports the structure of price pressures presenting demand from economic expansion as
the primary cause of increased price levels. However, my research presents the price
transfer mechanism having been in place during the period of the crude oil bubble, which
will have created increased price inflation in the US wheat markets during the period of
the crude oil bubble, and during the demand shock in the US wheat market.

Impacts of Crude Oil
The findings in my research indicate that the role of crude oil in the economy
through the price transfer mechanism has the ability to pass along a large portion of the
price level increases to fuels, and then to output commodities. The price transfer
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mechanism should be relevant for any petroleum based energy intensive commodity
manufacture. The differences are expected to be found between the diesel to output
commodity linkage in the price transfer mechanism.
The foundations of this research are partially based on Mork’s 1989 work on the
relationship of the price of crude oil to the growth of GNP (pg. 740). The investigation into
the economic engine, which drives consumption and demand for crude oil, works
differently with the price of US wheat. The demand for crude oil within the confines of this
study, are driven by GDP per capita growth, and the growth of industrial production. This
relationship creates a compounded growth mechanism, which presents the ability to
enhance economic expansion for every percent of GDP per capita realized. It then
facilitates the price pressures of the Brent crude oil market, as demand for energy goes up,
and creates large positive impacts on the price levels in the Cushing futures market as GNP
increases.
The impacts of economic expansion as GNP grows influences the price of US wheat
only through the level of growth of industrial production. Findings indicate the impacts
from the growth of industrial production only have short run effects on the price of US
wheat. The largest impact of Mork’s finding is the indirect price pressures on US wheat,
as price transfer from crude oil to the price of diesel takes place during economic
expansion. This presents the continual price pressures from crude oil prices increasing as
GNP increases, influencing the US wheat price through the crude oil to diesel to wheat,
price transfer mechanism.
Krichene (2002) reported evidence of a structural shift in the international crude oil
market making prices more volatile from 1973-1999 (pg. 557). My research identifies the
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corroborating findings of Carollo (2012), Horsnell, and Mabro (1994), Narayan and
Narayan (2007), and Krichene who present collaborating information supporting the
international crude oil market price setting mechanism changing, the increased value of
information in crude oil markets, and the increased volatility identifying a shift from a less
volatile oligopolistic market transitioning into a free market. One of the events cited by
some of these authors, which precipitated this structural change, was the appearance of
crude oil futures markets between 1983 and 1988. The main event cited for this structural
change solidifying was the decision in 1986 by Saudi Arabia to use the price of the North
Sea Brent crude oil, through the dated Brent price rulings, to price its offering of crude oil
internationally.
The impact of price volatility affecting crude oil, fuels and farm products was found
by Regnier (2007) to have risen after the crude oil embargos of the 1970’s (pg. 416). My
research finds the mechanism of price pressures from crude oil to fuels to wheat appear to
have been in place since April of 1994. This may not be the actual date, but is the date,
which the limits of my data require me to state.
My evidence suggests the volatility, which Regnier reported, extended into the
2000’s. Specifically through the price pressures from crude oil. The shift to a free market
from an oligopolistic market also increased the volatility in the international crude oil
market in the 2000’s. My findings support short run volatility being greater than long run
equilibrium levels, with all crude oil streams in my research presenting very similar
statistical characteristics.
The findings of Juvenal, and Petrella (2015), report that crude oil prices from 19792009 are historically driven by demand (pg. 26). My research, and the findings presented
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by Juvenal, and Petrella also support the economic expansion finding of Mork. Who
clarified the statistical correlation of Hamilton’s finding, that as GNP goes up the price of
crude oil goes up. The findings I present in this thesis establishes a significantly strong
relationship of crude oil, diesel, and wheat prices to economic expansion. Further
influencing my research is the clarification that though global demand primarily causes
price co-movement, speculative shocks during price spikes have reinforced the effect on
commodity price co-movements (Juvenal, and Petrella pg. 2). The added volatility of the
demand driven crude oil shocks Juvenal, and Petrella report, will have been transferred
through the price transfer mechanism in my findings to wheat, and potentially other
commodities my research does not investigate.
The additional shocks, which have been transferred, through the price transfer
mechanism will have been longer than one month in duration in my research. However,
the price transfer mechanism will continually function, making it possible for much shorter
duration shocks to affect the US wheat price. The impact of the short-term shocks will vary
by regional diesel markets, which are fed by the WTI streams in the specific regional
market. This is the boundary of the application of my findings at the national level. Further
investigation is necessary to reveal the characteristics of any regional price transfer
mechanism.
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Research Expansion
Potential expansion of this research includes regional analysis of the price
dampening affects from less expensive crude oil streams like Brent, or Dubai. In an effort
to determine their role in impacting regional crude oil, and diesel markets price structure.
This expansion of research would help quantify the impact on regional wheat prices.
The limitations of the interpretation of the diesel cross-market variance analysis
also presents the need for further research, to determine how the WTI pipeline
infrastructure impacts crude oil prices, diesel prices, and regional wheat prices. Each of
these research questions presents the need for further information that can benefit policy
makers, investors, and potentially non-profit organizations that are involved in the fight
against food price impacts in countries fighting rising food costs.

Conclusion
The findings in my research present a price transfer mechanism, which becomes
more active as economic expansion increases. As demand, increases and price cycles
increase the intensity of the price transfer mechanism increases. The price transfer
mechanism is capable of continuous volatility transfer from crude oil to fuels, then to
wheat. The price transfer mechanism is expected to impact energy intensive production of
commodities. However, soft commodities are likely the most susceptible of the
commodities.
The findings in my research support the crude oil, and wheat co-movements
presented in the literature reviewed. My findings show that economic expansion has unique
ties to crude oil, and diesel fuel, which arise through the growth of GDP per capita, and the
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growth of industrial production. However, I also demonstrate that connections between
economic expansion and US wheat prices are dependent on the demand-driven industrial
production levels. This finding highlights the differences between how crude oil and diesel
are affected differently than the price of wheat. Because GDP per capita does not affect the
US wheat price directly, the price of wheat will only be impacted by GDP per capita after
GDP per capita grows large enough to have generated expansionary impacts on the levels
of industrial production. This is a slower process than the price pressures from the
compounded growth mechanism, which influences crude oil prices. In which price
pressures from both GDP per capita and the levels of industrial production each create price
pressures on crude oil.
The linkages that facilitate the co-movement of the price of crude oil, diesel fuel,
and wheat present significant influences from the world benchmark crude oil, Brent. The
Brent linkage influences the Cushing futures market and the WTI spot market individually,
and in tandem. However, the WTI to diesel price relationship is the only relationship found
to have direct price pressure on the price of diesel. This result is critical for understanding
wheat prices because my research demonstrates that; diesel has the largest influence on
supply side price pressures on wheat production.
The price pressures of the costs of production of wheat achieve very strong
explanatory power through the price setting price pressures I identify in this thesis.
However, diesel prices can affect the price of wheat outside the planting, and harvest
seasons unlike the costs of production. Diesel therefore has a greater impact on US wheat
prices from the supply side than equipment, or agricultural services, and features larger
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short run price pressures than long run price pressures. The short run volatility is
transmitted through the WTI short run price pressure into the price of diesel.
Cross-market variance testing presented support for the international crude oil
market structure presented in this paper. The analysis further clarified the crude oil impacts
on the cost of the US commercial fuel, diesel, and the diesel price impacts on the price of
US wheat. Within the cross-market variance analysis I conducted, the discovery of the
cyclical price pressures of the Brent crude oil market was identified in the WTI price series.
The Brent crude oil market cyclical component is the only significant relationship affecting
the cyclical component of the WTI spot market price series in the market structure. The
investigation indicated that there are other potential influences outside of the price transfer
mechanism. However, my results indicate the largest component influencing the price of
US wheat other than the costs of production are crude oil influences on the price of diesel.
Further impacts on the WTI market were found in the price trend impacts of the
Cushing futures market, with the variance in the Cushing futures market being tied to the
variance of the Brent market, while the Cushing futures market variance had no co-variance
with the WTI spot market variance. This presents the ability for another market’s variance
to influence both markets. Regression results further supported and corroborated the
variance analysis, establishing the Brent crude oil market as influencing both the Cushing
futures, and WTI markets in a modified hierarchical relationship. These results established
that the international crude oil volatility can, and does have a price, and volatility transfer
capabilities through the price transfer mechanism, which influences the US wheat market.
With the short run impacts being isolated from the Canadian wheat market as Booth, and
Brockman (1998) found. However, the short run impacts may have consequences in other
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wheat markets of the world. Because the price transfer mechanism functions continuously
and should be found continuously capable of transferring volatility to wheat markets that
are not isolated from short term US volatility.
Booth, and Brockman, did prove a uni-directional relationship with the Canadian
wheat market. The long run impacts from the US wheat market do influence the Canadian
wheat market. The long run impacts on the price of diesel in my research, identifies a long
run impact on the price of US wheat of 25%, while in the long run the number of employed
in the US are identified as creating an 86% increase in the demand for wheat per percent
increase in the number of employed. One of the constraints of this paper is that, there is not
enough data in this research to assess for Jacks super cycles. Super cycles last 20-70 years,
and are supported by multiple authors. Interpreting the long run without analysis of super
cycles precludes the ability to understand where in the medium run or long run the
statistical results of my research are currently anchored.
Baek and Koo (2010) provide supportive evidence of the long run findings in my
research. Since the early 2000’s the major price determinants of US food have been closely
linked to food prices (Baek, Koo, pg. 313). The major determinants of US food prices
having been energy, and exchange rates, which have influenced the long run movements
of US food, and commodity prices (Baek, Koo, pg. 314). The results provided by Baek,
and Koo allow for the long run evidence of the price transfer mechanism to be supported
by external research. Helping to qualify the impacts, I report in the price transfer
mechanism.
The price transfer mechanism is a continuously linked sequence of energy to output
commodity, price linkages, which are continuous and fluid. The structure of the price
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transfer mechanism is expected to be found in any petroleum-based economy, or economy,
which has begun a transformation to greater petroleum reliance within the output of
commodities, of the specific country. It is expected that such price transfer mechanisms
will be found in developing countries but are expected to be more difficult to identify,
because of the less stable fuels, and crude oil markets in none crude oil producing countries.
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Appendix
Log-Log Regressions Bi-Variate (Monthly) Table
Appendix figure 1is a table of log-log regressions reporting elasticities in the
standard form of percentage change, which presents three periods of elasticities. The study
period of 1992 to 2012, presents the largest impact among the periods tested. The table
presents 108 elasticity regression results, of which 91 of 108 regressions report statistically
significant results. The 1960 to 2016 period using all available values presents 29 of 36
elasticities being statistically significant. The study period presents 32 of 36 regressions
being statistically significant, while the pre-study period presents 20 of 36 regressions
being possible. In the pre-study period, only 14 of 20 regressions are statistically
significant. The overall results present all impacts on wheat price, diesel price, and crude
oil prices are greater in the study period.
In lines 1 to 15 of table 1, the impacts on the US wheat prices are reviewed. During
the study period, the impact of GDP per capita presents a 20% explanatory power, with an
accompanying elasticity of 1:20.9%, making GDP per capita the second largest impact
presented on the price of wheat. The largest impact on US wheat prices is the producer
price index for wheat, which presents an explanatory power of 89%, and an elasticity of
1:49%. In the remainder of this section, the impact of crude oil is constant across all
variables, which present 11% to 13% explanatory power, with elasticities of 1:25% to
1:30%. Of note in the crude oil variables is the resulting elasticity of the petroleum producer
price index which achieves constrained, but statistically significant results, allowing for the
reflection that the cost of goods to manufacture wheat are not impacted by the cost of goods
necessary to manufacture petroleum. However, the diesel producer price index presents an
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impact on the price of US wheat prices in all three periods tested, with the pre-study period
presenting the weakest period for the relationship. The diesel producer price index presents
the strongest relationship to US wheat prices during the study period, with 15.8%
explanatory power. Interestingly the elasticities of 1:17.7% to 1:18.4% are consistent
across all periods, regardless of the explanatory power variance.
The price of diesel presented in line 12 of this table, presents another consistent pair
of elasticity estimators of 1:54.3% to 1:54.9%, in the relationship between diesel price, and
US wheat prices. Finally, the impacts of population and employment on the price of US
wheat are marginal with explanatory powers below 3.11%.
In the diesel section of this table, found in lines 16 to 19. The impacts of GDP per
capita and DPI are presented. The impact of disposable income on the price of diesel is
only statistically significant during the study period, achieving an explanatory power of
6.5%, and presenting an elasticity of 1:368%, these results are consistently statistically
significant for the periods where testable data is present, with explanatory power ranging
from 20.5% to 18.5%, whose elasticities range from 1:54.3% to 1:54.9%. The impact of
DPI on total gallons of diesel demanded is statistically significant, but is constrained by an
explanatory power of 3.6% or lower. While the impact of GDP per capita on the total
gallons of diesel demanded achieves 19% to 20% explanatory power, with elasticities
ranging from 1:109% to 1:111%. The results in this section indicate that the levels of
disposable income are not drivers of diesel price, or the amount of diesel demanded.
The next section of the appendix figure 1 are the impacts of the growth of industrial
production on crude oil prices. These results are presented in lines 20 to 26 of the table.
This section presents 21 elasticity regression results, of which there are, 20 of 21
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regressions achieving statistically significant elasticities. The study period achieves very
strong results in 7 of 7 regressions. Six regressions produce elasticities of 1:64% to 1:403%,
presenting the strong relationship between the growth of industrial production, and crude
oil prices.
The last section of the table presents the macroeconomic impacts on selected
macroeconomic, and crude oil variables. The impacts of GDP per capita, PMI, and the
industrial production index among themselves present no significant statistical evidence in
the elasticity results. While, and GDP per capita and the industrial production levels
provide evidence of a bi-directional linear relationship, which achieved 83% and 85%
explanatory powers. The impacts of GDP per capita on industrial growth provides an
elasticities ranging from 1:164% to 1:169%, at statistically significant levels. These
observations are found in lines 27 to 32 of appendix figure 1.
In lines 33 and 34, the impact of GDP per capita on selected crude oil variables is
presented. While in lines 35 and 36 of appendix figure 1, the impacts of the growth of
industrial production are presented. All results in these four lines present statistically
significant results, with elasticities ranging from 1:317% to 1:733%. Indicating strong
capability of GDP per capita, and the growth of industrial production to drive the WTI spot
price, and US FPP prices.
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Appendix Figure 1 - Elasticity Study
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Energy, Population, and Wheat: Expansion of Analysis
In this section of the analysis, 62 relationships are tested in three periods, which
have previously been introduced. There are three tables presenting results, which are
separated into, 1960-2016, 1992-2012, and 1960-1991. Each table presents co-integration,
causality, and elasticity results, for the respective periods. Thematically grouped results
are: 1) economic impacts, 2) crude oil impacts on diesel prices, 3) economic impacts on
wheat, 4) impacts of population, 5) workforce, and 6) macroeconomic impacts.

Expansion of Analysis: 1960-2016
In the 1960-2016 period is presented in appendix figure 3, with results presenting
many statistically significant relationships. The relationship that proves statistically in
significant in this period is the relationship between GDP per capita, and US oil
consumption. The two series have 3 years of lag between their respective peaks prior to the
Great Recession.
All other relationships in economic impact section are co-integrated at 99%
confidence levels, with 7 of 8 being found to be causal. However, the explanatory powers
of the elasticities are highly constrained to less than 2.4%. The relationships are taken as
realistic. However, these relationships are not expected to influence this research.
The crude oil impacts on the price of diesel present all test statistics being
statistically significant at, or above 95% confidence levels, with explanatory powers within
a 5.2% window centered on an average explanatory power of 82.17%. These explanatory
powers are accompanied by elasticities that range from 1:53% to 1:154%. The results
present linear bi-directional relationships of significance. The interpretation of these linear
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bi-directional relationships without further investigation implies there is a price pressure
path between each of the measures of crude oil and diesel prices.
In the assessment of the crude oil, and Cushing futures impacts on the demand for
diesel, present all results are co-integrated and causal at 99% confidence levels in the study
period, within these results; eight of the impacts on the demand for diesel achieve 8% to
9% explanatory power. Additionally in this group of crude oil, and Cushing futures
impacts, the elasticities range from 1: 7% to 1:34%. The supportive co-integration, and
causality evidence supports real, and continuous price pressure potential from these
variables. GDP per capita and industrial production do present significant demand
pressures. During the 1960 to 2016 period, the explanatory powers for the GDP per capita,
and industrial production levels are 19%, and 21%, and are accompanied by elasticities of
1: 111%, and 1: 64% respectively. Allowing the observation that these two variables are
better indicators of diesel demand than are the crude oil variables.
The next assessment of price pressure impacts was the economic impacts on the US
wheat price. Interestingly, US oil consumption presents co-integrated and casual
relationship with US wheat prices. US oil consumption achieves a 9% explanatory power,
with a 1:34.4% elasticity. The result is taken as an impact of economic expansion causing
price pressures, while at the same time economic expansion increases the required
consumption of crude oil.
The crude oil impacts on the price of wheat present the same elasticities presented
in appendix figure 1. All of the crude oil assessments present 99% confidence levels in cointegration, and causality. Evidence supports the crude oil to US wheat price elasticities,
have the ability to be continuous, and are causal.
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The last of the results on the impact of wheat are of the impacts of US oil
consumption and the world average crude oil spot price on wheat consumption. While both
of these variables are co-integrated, and causal at statistically significant levels. The results
are constrained by explanatory powers of less than 2%. The results of US oil consumption
and the world average crude oil spot price on wheat consumption are not expected to
influence this study.
The impacts of population were assessed next in the table, with the relationship of
the US population to crude oil, distillates produced, and the impacts on wheat. In this
section, 5 of 7 comparisons are co-integrated, and casual at the 99% confidence levels.
However, only one result achieves a 2.9% explanatory power. The largest result is of the
impact of population on the consumption of wheat, while this result achieves a 2.9%
explanatory power the elasticity of 1:1262% is taken as a possible impact, and again
supports the role of population as a statistically significant demand driver. This relationship
needs further clarification prior to its application.
In the assessment of the impacts of the number of employed in the workforce, all
but one result is statistically significant, with the impact of employment on the price of US
wheat not achieving co-integration, indicating the relationship appears to take place on a
continuous basis. However, without evidence of causality, the statistically significant
elasticity may only have spurious price pressure influences. The two largest impacts of the
number of employed are first, the total gallons of diesel demanded, and second, US oil
consumption. Each achieves 99% confidence levels of co-integration, and causality. The
results are accompanied by a 48.6%, and a 14% explanatory power respectively. The
elasticities presented are 1: 221%, and 1:94% respectively. These results present the role
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of the employed in this research. As the economy expands and employment rates go up,
consumption, and income increases will also drive demand. Because of these findings, the
relationship was explored further. Appendix Figure 2 below, presents the expanded
statistical results of the relationship of the number of employed in this research.

Appendix Figure 2 - The Employment and GDP per Capita Relationship

The results presented Appendix Figure 2, present a relationship, where the number
of employed, and GDP per capita, present a linear, bi-directional relationship, with the
number of employed having a greater impact on GDP per capita, than GDP per capita has
on the number of employed, with these relationships being continuous, and causal. The
expanded results present the number of employed, as having a contribution in this study.
The last section of this table is the macroeconomic impacts section. This section
presents statistically significant relationship during the 1960-2016 period. With the only
GDP per capita, and industrial production relationship achieving co-integration, causality,
and elasticity statistical significance. The explanatory power achieves an 84%, with GDP
per capita as the explanatory variable the elasticity is 1:169%, with the regression in
reverse, the elasticity is 1:50%, establishing a baseline for comparison across periods.
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Appendix Figure 3 - Expanded Investigation with Co-Integration and Causality Results, 1960-2016
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Expansion of Analysis: 1992-2012
The 1992-2012 period is presented in appendix figure 4, with results presenting
many statistically significant relationships. During this period, the study period, the
economic impacts section of the table became less significant than in the 1960-2016 period,
with only one marginal result remaining statistically significant. This is the PMI, and world
average crude oil spot price relationship, with explanatory powers of 5% each, which are
accompanied by elasticities of 1:11%, and 1:45% when the world average crude oil spot
price was the explanatory variable. This relationship is a positive relationship during the
study period, and presented a negative relationship during the 1960-2016 period.
In the crude oil impacts on diesel, the results are highly similar to the results in the
1960-2016 table, with results that are dampened, during the study period. All results in this
section are co-integrated and causal at 99% confidence levels. These results are
accompanied by statistically significant elasticities, with the two largest impacts on the
price of diesel being refinery domestic acquisition costs, and the Brent spot price. This
establishes that both domestic crude oil and the price of the world benchmark have large
potential impacts on the price of diesel.
Overall, the crude oil elasticities range from 1:53% to 1:150% for the impacts of
crude oil on the price of diesel in the study period. In comparison, the average elasticity of
all crude oil elasticities of the price of diesel in table is 1:106%, while the average elasticity
in the study period is 1:98%. The dampened results in the study period may be due to
weakening of the economy in October of 2007. When the S&P 500 and the economy started
to decline. The Brent spot price did not peak until June of 2008. In comparison, the S&P
500 and the economy continued declining until March 2009, while the Brent spot price
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declined until December of 2008. Presenting the pressures of the economy the international
oil market were facing. Carollo (2011) found that in the autumn of 2008, the bankruptcy
of the banks involved in the world oil market forced the banks to sell their futures, thereby
flooding the market and lowering the price of the futures. This triggered a fall in oil prices,
which derived its price from the Brent market (Carollo, pg.13). Sanders & Irwin (2011b)
reported evidence of price bubble from March 2008 to August 2008 in crude oil and heating
oil, (pgs. 16). Supporting Carollo’s findings and further explaining the weaker results
presented in the study period. The reason for the lack of more severe weakening in these
results may be found in Carollo’s reflection that, in 2009, oil prices began to rise again,
due to the Brent futures market role of setting prices in the international oil market (pg.
13). This implies that the crude oil market recovered quickly.
In the diesel demand section of the table, GDP per capita, and all crude oil variables
achieved 99% confidence levels in co-integration, and causality testing. The impacts on
the demand for diesel during the study period are more significant than the 1960-2016
period. During the study period, eight variables achieved explanatory power greater than
10%, and 2 variables achieved greater than 20% explanatory power. Industrial production
achieved greater than 20% explanatory power in both periods, and GDP per capita gained
20% explanatory power during the study period. This is an increase in statistical
significance. The elasticities for the demand for diesel having less than 2% difference from
1960-2016, and the study period, indicating that as economic expansion, and the demand
for crude oil goes up; the demand for diesel goes up. This finding needs to be further
qualified prior to use.
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In the impacts on US wheat, GDP per capita, and all crude oil variables achieving
99% confidence levels in co-integration, and causality testing. The assessment of the
impacts on the price of US wheat are greater during the study period. During the study
period, nine variables achieved explanatory power greater than 10%. This is an increase in
statistical significance in comparison of this table and the previous table.
The two most impactful elasticities are achieved by GDP per capita, and industrial
production, while the crude oil variables attaining statistically significant elasticities range
from 1:25% to 1:30%, which is lower than the 1960-2016 period. However, the study
period achieves greater explanatory power in this section of the analysis.
The assessment of the impacts of population during the study period present causal
results. The only variable of interest is the consumption of US wheat. The explanatory
power for this elasticity is a constrained by 2.2% result, and an elasticity of 1: 1368%,
which is taken with caution, and is not applied in this research.
The next section of table is the assessment of the impacts of the number of
employed in the workforce. The study period achieves greater explanatory power in this
thematic group compared to the previous period. The variables that achieve the greatest
explanatory power are the demand for diesel, and demand for wheat. The impact of
employment on the consumption of wheat achieves 99% confidence levels for cointegration, and causality, with an elasticity of 1:92%, and an explanatory power of 16%.
This presents a 2x increase in explanatory power in the study period with a 30% increase
in the elasticity, helping to clarify the role of employment in further expansion of the
research.
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The last noteworthy employment finding in the study period is the impact of
employment on the demand for diesel. This finding can be considered stable, and achieves
statistically significant elasticities in each table within a 1% window of difference between
the explanatory powers in both periods, with the elasticity from the 1960-2016 table of
1:221%, and the elasticity from the 1992-2012 table of 1:214%, presenting a stable impact
of the number of employed on the demand for diesel. However, in the study period the
impact of employment is not co integrated, but does achieve Granger causality at 99%
confidence levels. Making it possible for price pressures from the number of employed to
produce diesel demand pressures. However, since this finding is not supported by a
statistically significant co-integration finding. It is difficult to say how continuous the
demand pressure for diesel from the labor force will be.
The last section of table is the macroeconomic impacts section. This section
produces one statistically significant result. The result is co-integrated and causal at 99%
confidence levels, and achieves greater explanatory powers than in previous table, with a
explanatory power of 85%, and bi-directional elasticities of 1:166%, and 1:51%. This
relationship is strongest with GDP per capita as the explanatory variable, and industrial
production as the dependent variable. This result establishes a stable relationship between
the two variables in this table and in the previous table, providing evidence the relationship
is stable across two periods.
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Appendix Figure 4 - Expanded Investigation with Co-Integration and Causality Results, 1991-2012
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Expansion of Analysis: 1960-1991
In the 1960-1991 period is presented in appendix figure 5, with results presenting
a 50% reduction in testable comparisons, and presents statistically significant relationships.
These findings present changes in the relationships discussed in previous tables. There are
38 of 62 comparisons possible for the 1960-1991 period. The most significant changes in
this period are the lack of any statistically significant impacts on the price of US wheat.
Other changes in the results of this table are the lack of data for GDP per capita, diesel
price, crude oil, and Cushing futures prices during this period.
The economic impacts section of the 1960-1991 table excludes the GDP per capita
comparisons, and presents similar results found in the 1960-2016 table, with only one large
impact, which is significant to this study. This is the relationships between US oil
consumption, and the US FPP price. In the pre-study period, the relationship has uniquely
different role. Only during the pre-study period does this relationship achieve cointegration, causality, and a statistically significant elasticity of impactful proportions. The
impact of US oil consumption on the FPP price achieves explanatory power of 13.6%, and
an elasticity of 1:-141%, revealing that during this period crude oil prices were going down
as consumption went up, implying the presence of the dependency on foreign crude oil,
which this period known for.
The assessment of the impacts on the demand for diesel present large changes in
the results presented in previous tables. The results were calculated with a high sulfur diesel
series retrieved from the EIA, in an effort to have a pre-study period comparison. However,
there are no statistically significant elasticities for diesel demand during this period
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In order to determine how differently the relationships had become during this
period. Log-log regressions with the explanatory variables of industrial production, and the
number of employed were regressed against diesel demand. The regressions present no
statistically significant results, indicating the relationships with the demand for diesel prior
to the study period were very different. Carollo (2012) reflected that in the 1950’s and
1960’s over 50% of the cost of petroleum was transportation (pg. 63). During 1950’s to the
1960’s, the US only needed gasoline. This issue stopped refinery construction, during this
period in the US, (Carollo, pg. 65). Allowing the observation that the role of diesel was
much smaller during the pre-study period, with transportation costs being the major portion
of the cost of petroleum, which will have minimized price pressures on diesel from crude
oil, and further explains the pre-study period, in which the relationship between diesel and
economic expansion was quite different.
The assessment of the impacts on US wheat during the pre-study period present
similar co-integration, and causality results. However, the elasticity results are the weakest
among the three periods tested. There are four significant results; the impact of the world
average crude oil spot price on US wheat prices presents the largest impact in all three
periods tested. The world average crude oil spot price result achieves 22% explanatory
power, and an elasticity of 1:40%, presenting a stable link between world crude oil prices
and US wheat prices across all periods tested. This finding also presents the potential price
response to international crude oil price variation.
The next largest impact of this section is the impact of world average crude oil spot
prices on US wheat consumption. This relationship achieves a 22% explanatory power,
and a statistically significant elasticity of 1: 40%, which weakens dramatically in the study
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period, and in the 1960-2016 period. Presenting another change in the relationships that
had price pressure implications for US wheat through increased demand and the positive
relationship with crude oil prices. The next of the consistent relationships, which was
verified across three periods, is the impact of industrial production on the price of wheat.
This relationship achieved a 19% explanatory power, and is accompanied by an elasticity
of 1: 243%, which is the largest of the impacts across three periods tested. The result
identifies the continuous presence of economic expansion through industrial production
levels is another piece of evidence validating the impact of economic expansion.
The last noteworthy result of the impacts on US wheat is the impact of FPP. This
relationship’s explanatory power weakens slightly over time, while its elasticities increase
across the periods tested. Achieving an explanatory power of 8%, and is accompanied by
an elasticity of 1:28% in the pre-study period. This continuous relationship presents the
fact that oil consumption, and crude oil prices did have an impact on the US wheat price
during the pre-study period. Each of the results discussed in this section achieved cointegration, and causality at 99% confidence levels, presenting continuous price pressure
capability during the pre-study period.
The assessment of population on the selected wheat, crude oil, and fuels, presents
statistically significant results, most of which have explanatory powers of less than 4%.
Only two results in this section provide explanatory powers of over 4%, which are the
impact of population on wheat consumption, and the impact of population on US FPP price.
The explanatory powers are 4.4%, and 5.5% respectively, and are accompanied by
elasticities of 1:1361%, 1: 7074% respectively, while the population impact on the
consumption of wheat is consistent across all three periods. The result of population on
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FPP prices is not consistent across all three periods, and only presents as a significant
impact in the pre-study period. This impact is potentially explained by the transformation
from a gasoline consumption economy, to a diesel and gasoline economy, where diesel
consumption is spurred by economic expansion.
The assessment of employment influences in the pre-study period present the
impacts of employment on oil consumption, diesel demand, and wheat. Of interest in this
section is the impact of employment on diesel demand, which has been statistically
significant in a previous period. In the pre-study period, this relationship is not statistically
significant. This result appears to be tied to the role of diesel, and fuels needs during the
US during the pre-study period. This issue was reviewed above in the diesel demand in
this section.
The impact of the employed on US oil consumption is the strongest in the pre-study
period with co-integrated and causal results at 99% confidence levels, and is accompanied
by an elasticity of 1:103%. During this period as discussed above, the US was not
consuming all distillate products its refineries were making, and was consuming mostly
gasoline, which presents a likely answer for the foundations of this relationship. The last
finding in this section presents a consistent relationship as compared to the 1960-2016
period, and differs from the study period. The impact of employment on the price of US
wheat presents consistent explanatory power, and a consistent elasticity as compared to the
1960-2016 period. Presenting a potential change to a demand shifter during the study
period.
The last section of table presents one statistically significant result. The
relationships between PMI and the industrial production level is co-integrated, and causal,
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with a statistically significant elasticity of 1:-.3%. The negative relationship in the result is
consistent across all periods. The result is not expected to influence this study.
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Appendix Figure 5 - Expanded Investigation with Co-Integration and Causality Results, 1960-1991
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Wheat Price: Co-integration & Causality
Appendix Figure 6 below presents co-integration and causality results with 33 cointegration, causality, and elasticity test results. Of these results, 29 of the 33 relationships
tested report statistically significant elasticities. The table is an expansion of suspected
demand drivers on the price of US wheat. The table presents several statistically significant
results below 5% explanatory power, and one result above 20% explanatory power.
The table presents test results from the assessment of population, and employment
impacts on the price of US wheat, while population is co-integrated and causal at 99%
confidence levels, the elasticities present statistically in-significant results. The results of
the employment, elasticities only achieving 2% explanatory power, indicate that while
population and employment are common drivers of demand, and consumption, they do not
play a significant role in the price pressures of US wheat prices as indicated by bi-variate
log-log regressions.
The impacts on the price of diesel, and the volume of diesel demanded are presented
in lines 5 to 8. The impacts of diesel price on the US wheat price are statistically significant,
achieving 20% explanatory levels, with an elasticity of 1:38%, while the US wheat price,
with the levels of diesel demanded co-integrated, and causal, with a statistically significant
elasticity. The relationship, which the price of diesel has with the price of US wheat, is
defined by the energy intensive industry of agricultural production. The USDA finds that
the cost of fuels has been a main driver in the cost of agricultural products since 2000,
shortly after the international pricing mechanism for crude oil changed.
The last section of the table presents the impacts of employment rates, and
unemployment rates on the US wheat price. The results are presented on lines 9 to 12. Of
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the results presented, all are co-integrated, and causal. All results in this section have
statistically significant elasticities, which are unfortunately constrained by a 4%
explanatory power or less. Providing further evidence that employment and unemployment
are not causal drivers of the US wheat price in the bi-variate log-log regressions.
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Appendix Figure 6 - Wheat Price Expansion of Research, 1960-2016
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Wheat Consumption: Co-integration & Causality
The wheat consumption analysis is presented in appendix figure 7 below, which is
a thematically organized table that presents the impacts of economic, energy, and demand
shifting variables on the supply side of the consumption of US wheat. This table utilizes
quarterly wheat consumption numbers from the USDA. The quarterly numbers are
distributed evenly, to create a monthly series. Creating potential problems in the response
to other variables. Currently no supply side monthly wheat consumption numbers exist,
which are not interpolations.
The table presents 78 test results, with 73 of 78 test results being statistically
significant at, or above the 90% percent confidence level. With 49 of 78 tests producing
99% confidence levels. Throughout the table, there is the implication of strong bidirectional co-integration, while wheat consumption numbers will have a larger impact on
industrial resources from, planting bulk shipments, milling, and manufacture of food. The
wheat consumption causality numbers are taken with caution. There are 26 elasticities
reported in the table, of which only two are statistically in significant. These results are
found in the DPI results, providing further evidence that DPI plays no significant role in
the consumption, or pricing of wheat.
In lines 1 to 6 of this table, the macroeconomic impacts are presented, with 11 of
12 co-integration and causality tests achieving statistical significance, with 4 of 6
regressions being statistically significant. However, only the relationship of GDP per capita
to wheat consumption achieves of 10% explanatory power, with an elasticity of 1:62%. All
other results in this section present much lower explanatory powers of less than 1.5%.
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The crude oil section is the next section presented in this table, and is found in lines
7 to 14. All results in this section are statistically significant at, or above the 95%
confidence levels. The Brent spot price presents the highest explanatory power in this
section of 8.3%, all other elasticities are constrained to less than 3.6% explanatory power.
The Brent result is also constrained by the elasticity of 1: 5%. The highest elasticity of
1:179% is presented by a regression placing the consumption of wheat as the US as the
explanatory variable with the Brent spot price. The result is not taken seriously, because
the world benchmark by which up to 60% of the world oil is priced is based on dated Brent
rulings, in which US wheat consumption plays no role in Brent price rulings. The results
indicate the consumption of wheat in the US is a driver of diesel demand in the US market,
not a driver of crude oil prices in the United Kingdom.
In the population, and employment section 4 relationships are tested, with 12 of 12
test statistics statistically significant. However, the elasticity of population and US wheat
consumption only achieves a 2.9% explanatory power. However, the number of employed
achieve an elasticity of 1:70%, at 8.5% explanatory power. The expectations of
consumption are that population driven demand, increasing incomes, and increasing
employment numbers should all have positive impacts on the consumption of wheat. These
variables are presented as having statistically significant relationships to wheat; the
elasticities presented do not meet expectations in bi-variate log-log form.
In the next section the price of diesel, and the levels of diesel demanded are
presented, in lines 19 to 22. All results in this section are statistically significant, with the
impact of wheat consumption on the price of diesel, and the demand for diesel providing
the greatest impact. The findings present explanatory powers of 10% for the price of diesel,
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and 32% for the demand of diesel to wheat consumption, whose elasticities of 1:120%, and
1:84%, reveal supply side wheat impacts having relevance in this study.
The last section of the table is presented in lines 23 to 26, with 10 of 12 results in
this section statistically significant. The employment rate presents an explanatory power of
less than 1%, while the unemployment rate is found to have a statistically insignificant
elasticity of -1%. These and other results do not meet expectation in bi-variate log-log
form.
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Appendix Figure 7 - Wheat Consumption Investigation with Co-Integration and Causality Results, 1960-2016
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Time Series Component Analysis
In appendix figure 8 below presents the price trends for the real WTI spot price
trend, the real Brent spot price trend, the real Cushing futures price trend, the real world
average crude oil spot price trend, the real diesel price trend, and the US wheat price trend.
The trends are created using tsfilter in Stata. The filter used was the Christiano-Fitzgerald
filter found in Stata’s tsfilter. The filter was configured for the minimum period of a trend
to be 2 months, the maximum size of a trend was configured for 39 months, and the final
setting of the symmetric moving average set to 26 months. The stationary option of the
filter was not used, on the non-stationary time series. Leaving the default for the filter set
to calculate the components using non-stationary capabilities of the filter. The cf filter was
used to create both the price series’ price trend, and the cyclical component of the price
series used in this analysis.

Appendix Figure 8 - Price Trends with Possible Graphic Evidence of Structural Breaks
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In appendix figure 8 above, notice that US wheat, crude oil and diesel price trends
move in and out of phase with each other. Displaying characteristics of periods that indicate
face value association of commodity price co-movements in the same direction, with
similar rates of change, similar peaks, and troughs during observable price co-movement
periods.
The graph in appendix figure 8 above presents the opportunity to notice a common
feature of these price trends. In, or about January of 2006, all prices level off, and then
change direction, presenting the appearance of a potential structural change in multiple
markets, for multiple products. The graph above is very informative. However, the event
in question in, or about January 2007 is not highly differentiable.
In appendix figure 9 below, the same US markets are presented on a smaller
timeline, to view the similar characteristic. The US wheat price appears to experience a
leveling off in January of 2006, while the Cushing futures, WTI crude oil, diesel, and the
world crude oil benchmark, Brent, all experience an event with similar characteristics in
the second half of 2006. Presenting the potential of structural shifts in markets.
The next point of interest in the graph below is the period in which the price trends
peak. During the peak in 2008, researchers have found a bubble in the crude oil market,
during only the few months in which the energy prices peaked (March to August).
Researchers have also found a structural shift in the US wheat market in 2007. Presenting
the conditions for the observations in these graphs to become relevant as possible initial
events, events preceding the bubbles, or may indeed be graphical evidence of the structural
shifts themselves.
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Appendix Figure 9 - Price Trends during the Crude Oil Bubble Period

In appendix figure 10 below, the paired t tests of the nominal time series, and the
price trends of the same time series are presented. All paired t tests of nominal price series,
are statistically indistinguishable from the “tsfilter cf” produced, price trend series.
Establishing the statistical validity of the new filtered price trend series.

Appendix Figure 10 - Price Trend  Tests against Original Nominal Series
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Appendix Figure 11 below presents the stationary cyclical components of wheat,
crude oil, and diesel. Notice the variation of the wheat cyclical component. There is much
more variation in this variable than the crude oil, Cushing futures, and the diesel cyclical
components. This is taking place because the scale for the wheat cyclical component is 20
times smaller than the cyclical components for the petroleum variables, when in reality the
petroleum components have much more volatility in them. The important observation is of
the general direction, and magnitude of the directional changes in the cyclical components.
There is a shared pattern, which is easy to see for the petroleum cyclical components, which
the wheat cyclical component also has, but with a slightly differing, but similar cyclical
characteristics.

Appendix Figure 11 - Cyclical Price Components Comparison
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Appendix figure 12 below presents the piecewise correlations of cyclical
components using a .01 critical value, with Bonferroni corrections to limit type-1. This
table presents the cyclical components of the US wheat price, the price of diesel, and of
selected crude oil variables. The correlation of the US wheat price series cyclical
component to all other variables takes place at 99% confidence levels among all variables.
Further providing evidence of price pressures from crude oil, crude oil futures, and the
price of US diesel. The table below also presents the moderately strong correlations of the
cyclical components of the price of wheat, and crude oil cyclical components. Further
evidence from the correlations below present the strong positive correlations of the diesel
price cyclical component to the cyclical components of crude oil, and crude oil futures.

Appendix Figure 12 - Piecewise Correlation with Bonferroni Corrections of Cyclical Components

Presented in appendix figure 13 below is the piecewise correlations using a .01
critical value, with Bonferroni corrections to limiting type-1 errors. This table presents the
price trend components of the US wheat price, the price of diesel, and of selected crude oil
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variables. The correlation of the US wheat price series price trend to all other variables
takes place at 99% confidence levels, and among all variables. Adding the evidence of
statistical association between price trend, price pressures from crude oil, crude oil futures,
and the price of US diesel.

Appendix Figure 13 - Piecewise Correlations of Price Trends with Bonferroni Corrections

Energy & Wheat, Trend and Cyclical
Appendix figure 14 below presents 66 co-integration, causality, and elasticity
regression results, of which 48 of 66 are statistically significant at, or above the 90%
confidence level. Of the 48 statistically significant test results, 25 of 66 are statistically
significant at the 99% confidence level. The table clarifies that the price trends and cyclical
components of crude oil are co-integrated and causal at statistically significant levels with
the US wheat price trend, and US wheat cyclical performance. The results presented in this
table provide evidence that there is a path of statistically significant co-integrated
relationships, which tie WTI to diesel, and diesel to the US wheat price series through the
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components of the price series. The table presents impacts on wheat in lines 1-12, and
impacts on diesel in lines 13-22.
In lines 1 to 12 of the table, the impacts of crude oil, diesel, and Cushing futures
price trends on the price of wheat are presented. All price trends are co-integrated with
wheat at statistically significant levels. All but Cushing futures price trend Granger cause
the US wheat price, while Cushing futures are not causal; they are co-integrated at
statistically significant levels, which keeps the price pressure evidence of the price trend
elasticity intact. The largest impacts on US wheat price trend come from the average world
crude oil price, and the US FPP price trends, each are co-integrated, and causal, each of
these variables have explanatory powers ranging from 18% to 37%, whose elasticities
range from 1:39% to 1:60%, presenting potential price trend price pressures to be
investigated.
The results of the impacts of crude oil, diesel, and Cushing futures cyclical
components, present one variable that is co-integrated, and causal, with a sizable
explanatory power generated by its elasticity. The variable is the cyclical component of the
price of diesel, whose elasticity carries an explanatory power of 13%, and an elasticity of
1:35%. The Granger causality results present a test statistic of 592, and a co-integration
confidence level of 99%, presenting evidence of a strong relationship.
The impacts on the price of diesel are presented in lines 13 to 22 of the table. While
all causality results achieve 99% confidence levels, and have elasticity explanatory powers
ranging from 66% to 73%. The elasticities range from 1:57% to 1:69%, with all results in
the diesel price trend, co-integration tests achieving statistical significant. In lines 18 to 22,
the impacts on the cyclical component of diesel presents two variables that have
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statistically significant co-integration with the cyclical component of diesel. These
variables are the world average crude oil spot price cyclical component, and the WTI spot
price cyclical component. Each of these variables have massive Granger causality test
statistics achieving 99% confidence levels, and achieve explanatory power for their
elasticities of 74% and above, each of the two variables present a 1:56% elasticity.
Presenting evidence of statistically significant price pressure capability on the price of
diesel. However, the world average crude oil spot price is being used as a comparison, and
is not a deliverable crude oil stream.
The table overall presents statistical evidence that presents the paths for price
pressures to influence both the US wheat price, and the price of diesel. The most significant
are the FPP price, the WTI spot price, and the price of diesel.
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Appendix Figure 14 - Energy and Wheat, Price Trend and Cyclical Trend Analysis
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Oil & Diesel Market Variance
The results presented in appendix figure 15 present 24-test results, of which 21 of
24 are statistically significant at the 99% confidence level. This table presents analysis of
the variation of the crude oil markets, and the diesel markets. The variance series are
composed of daily price levels, used to calculate a monthly standard deviation, for the
purposes of identifying which markets have similar and dis-similar variance. The table
presents evidence of the crude oil, crude oil futures, and diesel markets presenting highly
co-integrated and causal interactions among the variance captured from daily prices, as
measured at a monthly level.
The crude oil markets variation results are presented in lines 1-6 of the table. All
co-integration and causality results are statistically significant at the 99% confidence level.
Co-integration test statics range from -12.26 to -16.42, presenting strong co-integration
implications of similar processes in each of the crude oil, and crude oil futures markets
reviewed. The causality results in this section produce strong to immense results ranging
from 173 to 3712. These results further solidify the bi-variate regression results of the
variables on lines 1 to 6, with the explanatory powers of the ranging from 73% to 97%,
whose relationships create estimators that range from 1:.74 standard deviations, to 1: 1.04
standard deviations, providing further evidence of the common price pressures created by
the international crude oil market pricing mechanisms. Of note in this section is the impact
of Brent market variance on WTI market variance, which produces an elasticity of 1:.98
standard deviations impact, which is notable because, US crude oil is not sold outside the
United States, while the Brent crude oil is a North Sea crude oil, under the control of the
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United Kingdom. This indicates the world benchmark, Brent, has price pressure capability
on the WTI spot market.
Error correction regressions of the crude oil variance comparisons present very
strong long run equilibriums with explanatory powers ranging from 74% to 97%, with long
run equilibriums ranging from 1:.68 standard deviations, to 1:1.048 standard deviations,
presenting the strong evidence of market covariance in the long run. There are four short
run equilibrium corrections, which create larger short run variance than is found in the long
run. These results further establish support for the international crude oil pricing
mechanism presented in my research.
In lines 7-12 of this table, the impacts of diesel market variance is presented. All
diesel markets are found to be co-integrated at the 99% confidence level, and causal at the
99% confidence level. This presents the observation that each of the diesel markets
experiences a common process, and has the ability to Granger cause price pressures in the
other markets.
Two statistically significant ECM cross-market variance regressions are presented.
A long run bi-directional relationship between the New York diesel and Los Angeles crossmarket variance is 1: .76 standard deviations, for the New York to Los Angeles long run
relationship, and the Los Angeles to New York long run cross-market variance achieving
1: .66 standard deviations. The Los Angeles to New York short run cross-market variance
achieves a 1: .83 standard deviation is the only statistically significant short run crossmarket variance presented.
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Appendix Figure 15 - Crude Oil and Diesel Market Co-Variance Tests

168

Market Variance Tests for Indistinguishable Variance
Appendix figure16 below presents 12 results of paired t tests, of which 9 of 12 are
statistically significant at the 95% confidence level. The results show that the WTI and
Brent, Brent and Cushing futures, and New York Diesel and Gulf coast diesel market, Gulf
coast diesel market and the LA diesel markets variance are indistinguishable, and therefore
imply these markets price pressures experience common market forces.

Appendix Figure 16 -  Tests for Indistinguishable Market Variance
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LA Diesel Market Variance
Appendix figure17 below presents a stepwise regression using the removal option,
with the critical value criteria of α=.1. The critical value was allowed to be higher, because
the intention of the regression was to establish which of the market variance standard
deviation series are capable of explaining the variation of the LA market. The possible
explanatory variables are all monthly standard deviation variables. The results of the
stepwise regression presented the New York diesel market, and Cushing futures variance
having statistically significant roles in the potential explanation of the LA diesel market
variance. The WTI test statistic is not highlighted in green. This is because the spreadsheet
rule is set to the critical value of ± 1.96. This test result is statistically significant for a two
tailed  test with α=.10, setting the critical value at ± 1.645.

Appendix Figure 17 - Los Angeles Diesel Market Relationships
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New York Diesel Market Variance
Appendix figure 18 below presents a stepwise regression using the removal option,
with the critical value criteria of α=.1. The critical value was allowed to be higher, because
the intention of the regression was to establish which of the market variance standard
deviation series are capable of explaining the variation of the New York market. The
possible explanatory variables are all monthly standard deviation variables used in
appendix figure 16. The results of the stepwise regression presented the LA diesel market,
and the Brent spot price variance having statistically significant roles in the potential
explanation of the New York diesel market variance. The Brent estimator is not substantial,
at 1.2%. However, it remains statistically significant, indicating there are two markets
whose variance have the explanatory capability to explain variance pressures in the New
York diesel market.

Appendix Figure 18 - New York Diesel Market Relationships
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Gulf Coast Diesel Market Variance
Appendix figure 19 below presents a stepwise regression using the removal option,
with the critical value criteria of α=.1. The critical value was allowed to be higher, because
the intention of the regression was to establish which of the market variance standard
deviation series are capable of explaining the variation of the Gulf Coast market. The
possible explanatory variables are all monthly standard deviation variables used in
appendix figure 16. The results of the stepwise regression present that no other market’s
variance has any explanatory power for explaining the Gulf coast diesel market variance.

Appendix Figure 19 - Gulf Coast diesel Market Relationships
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Correlations and Covariance of Markets
Appendix figure 20 below presents the piecewise correlation of the S&P 500 index
variance to the S&P commodity spot level index, diesel market variance, and crude oil
market variance. The table presents starred 95% confidence level correlations, calculated
with bonferroni corrections to limit type-1 errors. The table presents statistically significant
positive moderately strong correlations of the S&P 500 index variance to the Cushing
futures variance, the WTI spot market variance, and the S&P commodity spot level index
variance. The correlation to the S&P commodity spot level index are expected, as it is an
index of the 24 commodities which make up the bulk of world commodity trade, and is
used in calculating the S&P 500 index. Its use was included because of the index’s status
as an economic indicator. The table also presents the S&P commodity spot level index’s
correlations to variance in the diesel, and crude oil markets. The correlations are positive
and strong with correlation coefficients ranging from .63 to .90, at 95% confidence levels.

Appendix Figure 20 - S&P Market Variance Robustness Checks

173

Appendix figure 21 below presents the graph of the CBOT wheat futures open
interest, and CBOT combined open interest graphed with NYMEX light sweet crude oil
futures open interest. The graph is a percentage change graph that displays the time line of
2006 to 2016. The period of 2008 to about 2013, presents a general pattern of wheat, and
light sweet crude oil open interest in oil, and wheat futures generally co-moving. The
purpose of this graph is to illustrate futures markets having levels of open interest in futures
contracts for future delivery of a commodity, which display face value co-movement.
Implying the crude oil, and the wheat futures market appear to have a common process,
and, or a common set of market pressures.

Appendix Figure 21 - CBOT Interest and NYMEX Light Sweet Crude Open Interest Co-Movements
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Robustness Checks
Correlations of Market Variance with the S&P 500, and the S&P Commodity Spot Index

Appendix figure 22 below presents the correlations of the S&P 500, and
Commodity Spot index price trends with crude oil, diesel and wheat price trends. The
correlation is a piecewise correlation, ran with α=.05, and used Bonferroni corrections to
limit type-1 errors. The correlations present a rejection of the crude oil, and diesel market
variances, with a positive correlation to the diesel price trend. All statistically significant
price trends are positively correlated with none market variance variables, with results
ranging from moderately strong to strong, at the 95% confidence levels.
The S&P 500 price trend correlated positively from moderately strong to strong
levels at the 95% confidence levels, with the diesel, wheat consumption, and S&P
commodities index trends. The one exclusion is the negative correlations to the price trend
of the US price of wheat, which presents a -.27 correlation coefficient, indicating that the
price trend of wheat is moving in opposite directions with the S&P 500 price trend. The
results of these correlations indicate that the S&P 500 has positive relationships with the
S&P commodity spot index price trend, the wheat consumption trend, crude oil, Cushing
futures, and the diesel price trends, providing evidence of the ties to a petroleum based
economy.
The S&P commodity index has a moderately strong positive relationship to the
price trend of US wheat. The index has a strong positive correlation to the wheat
consumption trend, crude oil, Cushing futures, and the diesel price trends, providing
evidence of the energy intensive nature of commodity production in the index carrying
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similar characteristics as the energy to wheat relationship presented in the body of the
paper.
The price trend of the price of US wheat is negatively correlated with the wheat
consumption trend. Potentially indicating that as the price of wheat goes up, the
consumption of wheat dampens interest in consumption. The price trend of US wheat has
moderately strong and positive correlations with crude oil, Cushing futures, and the diesel
price trend. Indicating the presence of potential price pressures.
The wheat consumption trend is moderately to strongly correlated with crude oil,
Cushing futures, and the diesel price trends. The strongest price trend correlation is to the
diesel price trend, indicating that as the economy expands and the price of diesel goes up,
economic expansion and wheat consumption moves in the same direction. This relationship
has already been presented at the variable level as having price of diesel co-integrated, and
causal with wheat consumption at the 99% confidence level, this relationship at the variable
level was accompanied by a statistically significant elasticity.
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Appendix Figure 22 - S&P Correlations with Price Trends

177

Appendix figure 23 below presents the correlation of the S&P 500, and commodity
spot index cyclical components with crude oil, diesel and wheat price cyclical components.
The correlation is a piece wise correlation, ran with α=.05, and used Bonferroni corrections
to limit type-1 errors. All but one of the market variance variables is rejected in this table.
The market variance variable, which is not rejected, is the New York diesel market
variance. This variable is correlated at 95% confidence levels with The S&P commodity
index cyclical component, the US wheat price cyclical component, and all crude oil, and
diesel cyclical components, as well as the market variance variables.
The S&P 500 cyclical component is correlate weakly to moderately with the
cyclical component of the US wheat price. However its moderately strong correlations with
the S&P commodity index, crude oil variables , Cushing futures, and diesel present the
possible ties of crude oil influences in a petroleum based economy. Notice the negative
correlation to the price trend of the price of US wheat is not intact in this table. Indicating
the competing price pressures within the price components are slightly biased negatively
when the two correlation coefficients of -.27 and +.16 are compared.
The S&P commodity index cyclical component has a moderately strong to strong
positive set of correlation coefficients ranging from .41 to .93, at 95% confidence levels.
The correlations take place with the cyclical components of the US wheat price, crude oil,
Cushing futures, diesel, and the market variance of the New York diesel market, presenting
the continuing evidence that the energy intensive commodity industries ties to the energy
markets are also present in the cyclical performance of the commodity index.
The cyclical component of the US wheat price has moderately strong correlation
coefficients in relation to crude oil variables, the Cushing futures price, the price of diesel,
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and the New York diesel market variance. These coefficients range from .38 to .45, and
achieve 95% confidence levels. Adding further evidence of the ties to the energy markets
cyclical nature having the ability to create price pressures with these ties to the cyclical
component of the price of US wheat. The wheat consumption cyclical component is no
more likely to co-vary with other cyclical variables, because the variable is made of
quarterly numbers with the 3-month average of quarterly consumption being spread evenly.
This presents a lack of true cyclical behavior in the analysis.
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Appendix Figure 23 - S&P Correlations with Cyclical Components
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Impacts on the S&P 500, and S&P Commodities Indexes, Price Trends, and Cyclical
Components

Appendix figure 24 below presents the assessment of the impacts on the S&P 500
index, and the S&P commodities spot index. The S&P 500 is an index, whose composition
has been found to accurately assess 80% of the US economic performance. The S&P
commodity spot index is an index assesses the world’s most valuable commodities. For a
commodity to be included in the index, the worldwide volumes must rank among the top
24 commodity volumes worldwide. The values in each index are proportional to the
percentage of total volume for which the commodity or corporation accounts for in the
broader index.
Appendix figure 24 presents 168 test results, with 147 statistically significant test
results. The table contains 7 categories. Each category contains assessment of impacts on
the indexes presented above. The first section the macro economic impacts section,
presents the impacts of GDP per capita, and the growth of industrial production on the
indexes. In the remaining sections, the indexes are assessed at the variable level, the price
trend level, and the cyclical component level. Each of these sections uses the same variables
in comparisons, in order to establish the co-integration, causality, and elasticity linkages to
the indexes.
The first section of the table is the macro impacts section containing 20 of 24 test
statistics achieving statistical significance. The largest explanatory power in this section is
the industrial production variable on the S&P commodity index, which achieves an
explanatory power of 53%, this relationship is co-integrated at 95% confidence levels, and
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is causal at 99% confidence levels, with an elasticity of 1:18%, establishing the relationship
as having strong price pressure capabilities. Interestingly, this is a linear bi-directional
relationship, which achieves the same co-integration, causality, and explanatory power
when assessing the bi-directional relationship. However, the impact of the S&P commodity
index as an economic indicator presents that a 1:282% elasticity exists when the analysis
is configured to have the S&P commodity index as the explanatory or causal variable,
providing insight into the strength of the commodity production on the level of industrial
production. The next largest explanatory power result in this section is the relationship
between GDP per capita, and the S&P commodity index, which achieves 45% explanatory
power. This relationship is not co-integrated at statistically significant confidence levels,
though it is found to Granger cause the S&P commodity index at 99% confidence levels,
achieving a test statistic of 16,558, this relationship has presented a statistically significant
elasticity of 1:458%. This further establishes GDP per capita as a strong and capable driver
of commodity response to growth. In this linear bidirectional relationship, the S&P
commodity index is co-integrated at 99% confidence levels, but, is not causal for GDP per
capita. The elasticity for the impact of the S&P commodity index on GDP per capita is
1:9.4%, establishing almost a 10% contribution to GDP per capita levels.
The third highest explanatory power is generated by the relationship between GDP
per capita and the S&P 500 index. Simply stated the S&P 500 index generates a statistically
significant elasticity of 1:00%. However, placing GDP per captia as the independent
variable the regression produces an elasticity of 1:410,371%, while this elasticity needs to
be further investigated to understand the issues that caused the elasticity. This elasticity is
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supported by co-integration, and causality test statistics that achieve 99% confidence
levels.
The relationship that has the least explanatory power is the relationship between
the S&P 500 index, and industrial growth. This relationship is a linear bidirectional
relationship, whose co-integration, and causal test statistics present 99% confidence levels.
The elasticity of the S&P 500 index presents a statistically significant 1:00% elasticity to
industrial growth, while the industrial growth variable presents a statistically significant
elasticity of 1: 137,090% to the S&P 500 index. This elasticity is taken cautiously, and
warrants further investigation to understand the magnitude of the estimator.
The next section of the table is found in lines 9 to 16, and presents the impacts on
the S&P commodity index, at the variable level of analysis. This section presents 21 of 24
test results being statistically significant at 95% confidence levels, and above. This section
presents solid evidence of price pressure capabilities of the variables being tested against
the S&P commodity index. The only variable that is not co-integrated at statistically
significant levels is the crude oil and gas field equipment producer price index, which
produces a statistically significant elasticity of 1:-.2%, with all other variables of wheat
price, wheat producer price index, crude oil, Cushing futures, diesel, and GDP per capita
present significant elasticities ranging from 1:24% to 1:485%. These results are found in
lines 9 to 14 of the table. The last noteworthy finding is the petroleum producer price index,
which presents an elasticity of 1:.1%. This result identifies both the petroleum, and oil and
gas field equipment producer price index as having no price pressure impacts on the S&P
commodity index. This observation further expands the understanding that these two
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variables may not have price pressure impacts on all commodities the index presents in its
composition.
The next section in the table presents the impacts on the S&P 500 index at the
variable level of analysis. This section presents 22 of 24 statistically significant results.
Only the US wheat price, and wheat producer price index do not have statistically
significant elasticities. The significant results are found on lines 19 to 24 of the table. The
results on these lines are co-integrated and causal at 99% confidence levels. The elasticities
reported on these lines range from 1:-663% to 1:410,371%. These elasticities are
accompanied by explanatory powers ranging from 6% to 38%, providing the insight that
the S&P 500 index has statistically significant ties to diesel, crude oil.
The remainder of the table presents analysis of the components of the time series
of the S&P 500, and the S&P commodity index price trends, and cyclical components for
potential statistical ties to the variables used in comparative analysis. The index price series
were decomposed using tsfilter with the Christiano-Fitzgerald (cf) option. The filter was
ran using the default setting configuring the filter to non-stationary data. The price trends
were then de-trended using the tsfilter, Hodrick-Prescott de-trending option. The settings
for the trend periods of the filter are the same as the other tsfilter cf decomposition used in
this paper. Setting the minimum price trend period to 2 months, setting the maximum price
trend period to 39 months, and setting the symmetric moving average to 26 months.
The sections presented below contain the same variables used for comparison that
were discussed in the variable level S&P analysis presented above. This allows for the
identification of the relationships to the components of the time series. Providing another
level of statistical evidence about the relationships among the variables being assessed.
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In lines, 25 to 32 present the impacts on the S&P commodity index’s price trend.
As was found in the variable level analysis of the S&P commodity index the petroleum
producer price index, and the oil and gas field equipment producer price index attain
statistically significant results, with elasticities of 1:00% to 1:-.3%, proving the
relationships do not influence the S&P commodity index price trend. The remainder of the
test results in this section present statistically significant results. All remaining variables
are co-integrated, and causal to the price trend of the S&P commodity index. The
explanatory power of the elasticities range from 11% to 51%, and are accompanied by
elasticities ranging from 1:8.5% to 1:253%. This result provides the observation that the
price trend of the S&P commodity index does have statistically significant price pressures
from the variables on lines 25 to 30. The price of diesel, the world average crude oil spot
price, and GDP per capita have the largest impacts on the index. These variable’s impacts
carry explanatory powers ranging from 50.8% to 51.9%, with the elasticities of these three
variables ranging from 1:27% to 1:253%, presenting another level of evidence which
presents crude oil, diesel, and economic expansion through GDP per capita increases
having price pressure impacts on the price trend of the S&P commodity index. Because the
index functions as an economic indicator, these strong implications extend to the
commodities, which the index is composed. However, this larger implication is made
theoretically and remains to be statistically explored.
In the next section, presented in lines 33 to 40, the impacts on the S&P 500 price
trend are assessed. This section presents 21 of 24 test results achieving statistical
significance. All variables except for the wheat producer price index are co-integrated, and
causal 95% confidence levels or above. The next variable that drops out of the comparisons
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is the world average crude oil spot price, whose elasticity is statistically in significant. The
largest impacts on the S&P 500 price trend are GDP per capita, and the price of diesel.
These variables’ impact on the price trend of the S&P 500 price trend are co-integrated and
causal at the 99% confidence level, and achieve explanatory powers ranging from 17% to
38%, with elasticities of 1:33% and 1:316%, respectively. These results indicate the
significance of diesel fuel to the S&P 500 and the greater economy.
The next section of the table is presented on lines 41 to 48, which present the
impacts on the S&P commodity index cyclical component. This section presents 19 of 24
test results presenting statistically significant results. The largest result in this section are
the co-integration of variables to the S&P commodities index cyclical component, which
drops by 50% from previous levels of analysis. This does not mean that the co-integration
evidence is invalidated. It means that the variables that remain co-integrated have greater
significance in the price pressures being assessed. Those variables that remain cointegrated at statistically significant levels are the wheat producer price index, the price of
US wheat, the price of diesel, and the petroleum producer price index. Each of these
variables have causal statistical significance. However, the petroleum producer price index
presents a statistically significant elasticity of 1:00%, leaving the wheat producer price
index, the price of US wheat, and the price of diesel. These variables achieved explanatory
powers ranging from 8% to 38%, and are accompanied by elasticities ranging from 1: 11%
to 1:45%. This evidence further supports the assertion of the ties between the fuels and
commodities.
There are other statistically significant cyclical elasticities presented in this section,
which have achieved Granger causality at 99% confidence levels. These variables are GDP
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per capita, FPP, and the world average crude oil spot price. The elasticities of these
variables range from 1: 30% to 1:159%, further establishing the impacts of crude oil in a
petroleum based economy, and the impact of GDP per capita on the S&P commodity index.
Allowing us to make observations of the impacts of demand as GDP per capita goes up
influencing the spot prices the S&P commodity index is contains.
The final section of the table is presented in lines 49 to 56. This section presents
the impact on the S&P 500 cyclical component. In this section, 50% of the elasticities are
not statistically significant. Of these elasticities, three are co-integrated and causal at 99%
confidences levels. These variables are the price of diesel, the FPP price, and the petroleum
producer price index. The petroleum producer price index presents a statistically significant
elasticity of 1:00%, while the explanatory power of the price of diesel, and the FPP price
are 1:10% to 1:3%, respectively. These results present the observations that the cyclical
component of the greater economy as indicated by the S&P 500 remains statistically tied
to both of these variables. The remaining variable of interest is the wheat producer price
index. This variable is found to Granger cause the S&P 500, at 99% confidence levels, and
while statistically significant, the wheat producer price index is only indirectly related to
the S&P 500, and should have no major impact on the index.
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Appendix Figure 24 - S&P Robustness Checks
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Variables, Descriptions and Treatments

Appendix Figure 25 - Variables Descriptive Information and Treatments
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Appendix Figure 26 - Nominal variables descriptions and descriptive statistics
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Descriptions of Variables for Foundational Elasticities

Appendix Figure 27 - Foundational elasticities descriptive statistics table
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International Crude Oil Market and Refinery Challenges

Appendix Figure 28 - International Crude Oil Market History Slide #1
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Appendix Figure 29 - International Crude Oil Market History Slide #2
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Appendix Figure 30 - Refining Industry Challenges and Evolution
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